Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



4 



AMERICAN JOURNAL 

or 

SCIENCE AND ARTS. 

COXDDOTXD Br 

Pioiwon a SILLIMAN, B. SILLIMAN, Jr., 



JAHES D. DANi 



BRAY, OP CAMBBIDGE. 



L 



M 



THE 



AMERICAN JOURNAL 



or 



SCIENCE AND ARTS. 



GONDUOTKD BT 



Professors B. SILLIMAN, B. SILLIMAN, Jr.» 



AND 



JAMES D. DANA, 

IH COmiBCTIOIl WITH 

PROF. ASA GRAY, of CAMBRIDGE. 
PROF. LOUIS AGASSIZ, of CAMBRIDGE, 
DR. WOLCOTT GIBBS, of CAMBRIDGE, 
PROF. S. W. JOHNSON, of NEW HAVEN, 
PROF. GEO. J. BRUSH, of NEW HAVEN. 



» ' ■ • • » ■ 



SECOND SEBIES. 



VOL. XXXVL — NOVEMBER, 1863 



NEW HAVEN: EDITORS. 

1863. 

I-KINTBS BT B. HAYB8, 436 CHAPEL ST. 



253545 



• • • • 



•. _ - - • 



CONTENTS OF VOLUME XXXVI. 



NUMBER CYI. 

Page. 
Akt I. On Cephalization, and On Megaslhenefl and Microsthenes, 

in Classification (being in continuation of an article on the 

Higher Subdivisions in the Classification of Mammals) ; by 

James D. Dana, 1 

II. Observations upon some of the Brachiopods, with reference 
to the genera Cryptonella, Centronella, Meristella, and allied 
forms; by James Hall, 11 

HL Hydraulics of the Report on the Mississippi River of Hum- 
phreys and Abbot ; by Prof. F. A. P. Baknaro, LL.D., - 16 

IV. Observations on somu of the Double Stars ; by Maria Mitchell, 38 

V. On the Flora of the Devonian Period in Norilieastern Amer- 

ica; by J. W. Dawson, LL.D., F.R.S., etc., • - - 41 
Yl. Action of Bromine and of Bromhydric Acid on the Acetate 

of Eihyl ; by J. M. Crafts, 42 

VII. New Facts and Conclusions respecting the Fossil Footmarks 

of the Connecticut Valley; by Edward Hitchcock, - 46 

VII. On Hydrasiine; by F. Mahla, Ph.D., ... - 57 

IX. Description of a Photometer ; by Prof. O. N. Rood, • - 60 

X. On Aerolitics, and the fall of Stones at Butsura, India, May, 

1861 ; by N. S. Maskelyne, 64 

XI. The Sun and Stars photometrically compared ; by Alvan 

Clark, - • • • 76 

XII. On Glucinum and its Compounds ; by Prof. Charles A. Jor, 83 

XIII. Remarks on the Luminosity of Meteors as affected by La- 
tent Heat ; by Benjamin V. Marsh, - - - • 92 

XIV. Proceedings of Learned Socieiies : — I. On Radiation 
through the Earih^s Atmosphere ; by John Tvndall, 99. — 
2. On the Photographic Transparency of various Bodies, 
and on the Photographic Effects of Metallic and other Spec- 
tra obtained by means of the Electric Spark ; by Prof. 



HARIES STANFORD university LIBRARII 



iTANFORD UNIVERSITY LIBRARIES ■ STANF" 



LIBRARIES STANFORD UNIVERf 



UNIVERSITY LIBRARIES 



STANFORD 



STANFORD UNIVERSITY > 



■LIBRARIES 



UNIVERSITY LIBRAH 



TANFORD UNIVERSI 



STANFORD yi 



The Brani 



jp flrnlnni--' ''hjory 



s 



CONTSNT8. ¥ 

NUMBER CYII. 

Abt. XV. On the Velocity of Light and the Sun's Distance ; by 

Prof. Joseph Lovering, 161 

XVI. Further Remarks on a method of Reducing Observations 

of Temperature; by Prof. J. D. Everett, ... 173 

XVII. On the Coal-Measures of Cape Breton, N. B., with a Sec- 
tion ; by J. P. Lesley, 179 

XVIII. Hydraulics of the Report of Humphreys and Abbot on 

the Mississippi River ; by Prof. F. A. P. Barnard, - • 197 

XIX. On Inhalation of Nitroglycerine ; by John M. Merrick, Jr., 212 

XX. On the Chemical and Mineralogical Relations of Meta- 
morphic Rocks; by T. Sterry Hunt, F.R.S., - • 214 

XXI. On the Appalachians and Rocky Mountains as Time-bound- 
aries in Geological History ; by James D. Dana, - - 227 

XXII. On the Homologies of the Insectean and Crustacean Types ; 

by Jambs D. Dana, 233 

XXIII. On the genus Centronella, with remarks on some other 
genera of Brachiopoda ; by £. Billings, ... 236 

XXIV. On the Explosive Force of Gunpowder ; by Professor 

F. A. P. Barnard, 241 

XXV. On Childrenite from Hebron, Maine ; by Geo. J. Brush, 257 

XXVI. Crystal lographic examination of the ijebron mineral, and 
comparison of it with the Childrenite from Tavistock ; by 

J. P. Cooke, Jr., - - 258 

XXVII. Meteoric Iron from Dakota Territory — Description and 
analysis ; by Charles T. Jackson, M.D., • - - 259 

SCIENTIFIC INTELLIGENCE. 

Wjwici.— On Celestial Dynamics; by Dr. J. R. aMaykii, 261 : Sources of Heat, 262: 
^ ihe Measure of the Sun's Heat, 264. — Kirchhoff's Second Memoir on ihe Spectrum : 
An Improved Spectroscope — Analysis of ihe fixed line D ; by ProfesHor Josiah P. 
^OOSE, Jr., 266. — Spectrum of Phosphorus — Green coloration of hydrogen by phos- 
phorus, Curistofle and Bcilstcin: Osmium Spectrum, William Frazer, 267. — 

Analytical Chemixtry. — On the Behavior of Dextrin and Gum Arabic toward Albumen, 
AtJD. GuN.sDERG : Detection of nitric acid in waters by means of Brurin, Krrstem : 
i^ew reaction for Verainn, Trapp: Reaction for Molybdenum, Bra UN, 263. — On the 
qoaiiiiiativc estimation of Arsenic, Wittstein, 26'J. 

ioAnico/ Chemistry.^On the manufacture of Soda, Chlorine, and Sulphuric and Chlor- 
Mric Acids; by Thomas Macfarlane, 260. 

Physiological Chemistry. — On the excretion of Nitrogen in animals, 271. 



Tl CONTENTS. 

Metallurgy, — New works : Zunammenstellung der stntistischen Ergebnisge de« Ber 
werkf-, Huilon- und Salinen-Retriebes in dein PreuR^iKchen Staaie, etc., von B. A 
TiiAN«: Handbiicli der melallurgivchen, von Bkuno Kkrl, 272. — Elal prei>enl de 
Mdtallurgie du Feren Angleterre, par MM Grdnbr et Lan : Berg- und llutienmai 
niKclies Jiihrburh, etc., P. Tunnkr: Die Forucliriile den metallurgtsclien HUiieng* 
werbos im Jahre, Dr. Carl. Fr. Alex. HARTiiANN : International Exhibition of 18& 
273. 

Otology. — Second Annual Report upon the Natural History and Geology of the Stat 
of Maine: Ancient Glacial Action in the Southern part of Maine, 274. — FomhI Crusti 
ceana from the <'oal Measures and Devonian Rocks of British America ; by J. W. Sai 
tkr; On the Cambrian and Hurunian Formations; by J.J. Bigsbt : On the Ix)vCc 
('arb<Miiferous Rracliiopods of Nova Scotia; by Thomas Da viiwon : On fubi>il Efthi 
lis, nnd ihoir diHtribution ; by T. Rdprrt Jo.nes: On a new Labyrintli<Kiont Repiih 
from the Lanarkshire Cool field ; by T. H Ho.xlet, 277— Anniversary Address l>efor 
the Geological Society of London; by Prof. A. C. Ramsay; On the production t 
crystalline limestone by heat, 278.— On the Flora of the Devonian Period in Norit 
eastern America; by J. W. Dawson, L.L.D., F.G.S., 279. 

Botany and Zoology. — Dimorphism in the Flowers of Linum, 279. — Variation and Mimeti 
Analogy in Lepidopiera, 235.-r-Notes on the LoranthacesB, with a ^ynnpvis of th 
Genera; by Daniel Oliver, F.L.S., 291. — Parthenogenesis in Plants etc. : Structur 
and Fertilization of certain Orchids : Platantbera flavo, or Habenaria flava, 292. — Gya 
nadenia tridentata, 293. 

Zoology. — Monograph of the Aye-Aye (Chiromys Madagagcareniis Cuvler) ; by Richar 
Owen, D.C.L.,etc , 294.— On the " Minute Vertebrate Lower Jow," 299.— Note on ih 
Megatherium; by Prof. Aqassiz, 300. 

Astronomy and Meleorciogy. — Procession and Periodicity of the November Star-showei 
300. — Star shower in 15;)6 : Meteorite of Tucson : Observations of the August meteors 
by Prof. H. A. Newton, 301. 

M'acdUineouM Scientific /MfeUi^eiice.— Electric Illumination at Boston — Photometrica 
powera of ihe light; letter from Prof. William B. Rogeri, 307.— Vermillion Roci 
Salt Mine at Petite Anse, Louisiana, 303.— Nute on the Rule of Priority : Tbirty-tbir 
Meeting of the Briu«h Association : Personal— Dr. Wolcott Gibbs, 309. 

Book Notices.-^Heni considered as a mode of Motion, etc. ; by John Ttndall, F.R.S 
dec, 310.— Brande and Taylor's Chomivtry: Supplement to Ure*8 Dictionary: Th 
American Annual Cyclopedia and Register of Important Evenu of the year 1852, 311 
— Transacii<ms of the Illinois NuUiral History Society: On the Origin of Species, etc. 
by Thomas H. Huzlet, F.R.S. etc., 312. 

Obituary.— Dr. Samuel Prescott Hildreth, 312.— Joseph Stillman Hubbard, 313.— Jama 
, Ren wick Chilton: Stillman Masterman, 314. 



NUMBER C VIII. 



Pai^ 



Art. XXVIII. On certain parallel relations between the classes 
of Vertebrates, and on ihe bearing of these relations on the 
qnesiion of the distinctive features of the Reptilian Birds; 
by Jamks D. Dana, 31 

XXIX. The Classificntion of Animals based on the principle of 

Cephalization ; by James D. Dana. — No. 1, • • - 32 



GO If TENT 8. ' VII 

XXX. On Vibrating Water-falls; by Prof. Elias Loomis, - 352 

XXXI. On the Rocks of the Quebec Group at Point Levis, — (in 
a letter to Mr. Joachim Barrande of France, from Sir 
William E. Logan), 366 

XXXII. Chauvenet^s Munuil of Spherical and Practical Astronomy, 378 

XXXIII. Remarks upon the causes producing the different char- 
acters of vegetation known as> Prniries, Flats, and Barrens 
in Southern Illinois, with special reference to observations 
made in Perry and Jackson counties; by Hbnry Engelmann, 384 

XXXIV. On the Earth^s Climate in Paleozoic Times; by 
T.Stbrry Hunt, M A., F.R.S., 396 

XXXV. Correspondence of Jerome Nickles. — Obituary : Cesar 
Mansuete Dcspretz, 398. — Murcel de Serres : Horace Ben- 
edict Alfred Moquin-tandon : Auguste Bravais, 401. — Leon 
Pean de St. Gilles: Discovery of fossil man, 402. — The 
manufacture of alcohol by means of illuminating p[as, 403. — 
New method for the concentration of minerol waters, 404. 
— Manufacture of ice, 405. — Building Materials — Preserva- 
tion by means of the residuum of coal-tar, 406. — Bibliogra- 
phy, 407. 

SCIENTIFIC INTELLIGENCE. 

f^ffia.~-On the density of vapors at very high temperatures, Detilli ond Troost, 
^— On the work of elastic forces : On tlie atomic constitution of liquids, Wcincr, 
^•— On the absorption of gases by charcoal ; by Dr. R. Angus Smith, 411. 

^^tffry.— On Anilin dyes, Hopm ann : On the constitution of American Petrolenro, 
Pklouzk and Cahours: On Cesium, separation from Rubidium, Bunskn, 4]3.~- 
Sqoivslentof Cassium: Deliquescence of Cs CI : Spectnim of Cnsium, 414. — Prelim- 
inlry notice of a New Metal; by F. Reich and Th. Richter, 415. — On some new 
^tile alkaloids given ofTduring putrefaction ; by Dr. Crace Calvert, 416. 

"*^ropfcy. — Selenocyanids in Photography; by Mr. Emerson J. Retnolim, 416.— 
A process for the reduction of silver waste, Millon ond Cohmaille : Sulpliocyanid 
of amiDonia ns a fixing agent, by G. W. Simpson and Mr. Lewitskt : Redevelopera 
Blancharo, 417. — Miscellaneous facts, 419. 

^g^^icuhural Chemistry. — On the fertilizing action of Gypsum, Dehkrain, 419. 

Mimidogy and Oeclogy, — On the phosphatic (or guano) rock from the Island of Sera- 
Wsro, W. L; by Dr. T. L. Phipson, 423.— Observations on the Sombrero Guano; by 
^- A. JuLlEN, 424. — On the nature of Jade, and on a new mineral species described by 
Mr. DaiDour ; by T. Sterrt Hunt, F.R.S., 426.— Geological Survey of Canada, 423. 
~~AiNbreathera of the Coal Period ; by J. W. Dawson, LLD., 430. 

'^^^J/ and Zoology. — Origin of Varieties in Plants, 432. — Review nf M^moires et Sou- 
vtDin de Aogostin Pyramus DeCandolle : On Welwitschia, a new genus of Gnetaces ; 
^ JoitPH Hooker, M.D., F.R.S., etc., 434.— American Tea-plant: The CompsM 
^^1,439. 



fiii CONTENTS. 

Zoology, — Clutification of animals based on the principle of Cephalization ; by J. D. 
Dana, 440. — On the Embryology ot Aateracanthion berylinus Ag.,and a species allied to 
A. ruben^M. T. Atteracanthion palliduM Ag. ; by A. Aoassiz : List of the Echinoderms 
tent to different Institutions in exchange for other specimens, with Annotations ; by 
A* Agamiz: On synthetic types in Insects; by A. S. Packard, Jr. : Beithige zur 
Kenntniss der fossillen Pferde und zu einer vergleichenden Odontogrnphie der Huf- 
thiere im AUgemeinen ; von Prof. L. ROtimetkr: Methods of study in Natural His- 
tory ; by L. Agassiz: On the nomenclature of the Foraminifera ; by W. K. Parkee 
and T. R. Jones, 442. 

Attronomy and Afe<eoro2o^.— Discovery of a new Planet, Asteroid (79), in a letter from 
Prof.' Jambs C. Watson, 443. — Observations in firusnels of the meteors of August^ 
1863; by Mr. Quetelet: Observations by Mr. Alex. S. Hersciiel of the .\ugust 
Meteors, in England : Observations on the August Meteors, by Dr. E. IIris, at Miin- 
ster, 444. — Die Grosse Feuerkagel welche am Abende des 4 Mars, 1863, in Holland^ 
Deutschland, Belgien und England geschen worden ist, von Dr. Eduard Heis: Die 
Meteoriten, ihre Geschichte, mineralogische und cliemische Beschaffenheit, von Dr. 
Otto BacHNSR, 445. — Shooting Stars of November, 446. 

MiMfidlaneoui Scientific InUUigence. — New Achromatic Object-glass, 446. 

Book Notices. — Storer*s Dictionary of the Solubilities of Chemical Substances : Practical 
Treatise on Limes, Hydraulic Cements and Mortars, etc. ; by General Quinct A. 
GiLMORK, A.M., 447. 

06t<ttary.— Stillman Mastennan, 448.— Major Edward B. Hunt, 450.~Professor Eilhard 
Mitscherlich, 451. 

Proceedings of Societies, 451, 452. 

Index, 453. 



ERRATA. 

Vol. XXXTV, p. 136, line 23 fVom top, for Rominga, read Rominobs.— Vol. XXXV, 
in Index, p. 470, insert W, C, Minor on fission in Annelids, 35. 

P. 943, 1. 5 from bottom, for ScHaenpulter read SSchiesspidvera. — P. 198, line 10 from top, 
for P, read p.— P. 205, 1. 6 from top, for formula, read column.— P. 209, 1. 13 from top, for 

II • 

M^f—tf^-P^e+xyx, read «/,-«/=-p(e4-ar)^«.— P. 210, L 9 from top, for formed, 

read obtained— P. 378, 1. 19 from bottom, for '* does not treat the,'* read *' does not trest 
of the."— P. 382, 1. 17 from top, for *' the time," read •• for ihe/rgt time."— P. 407, line 30 
iVom top, for dqmdt read depmit,—P. 408, lines 11 and 15 from top, for Flamen, read 
Fltmm. 









THE 



AMERICAN 



JOURNAL OF SCIENCE AND ARTS. 



[8IC0 VD 8IEIES.] 



AsT. L — On Osphalizatian, and On Megasthenes and iticrostheneSf 
in Classification (being in continuation of an article on the 
Higher Sabdivisions in the Classification of Mammals) ; bj 
Jak£s D. Dana. 

In the paper on the Classification of Mammals, published by 
the writer in the last volume of this Journal (p. 65), and also in 
Ws earlier paper on Crustaceans, the principle of cephalization is 
shown to oe exhibited among animals in tne following ways :— 

1. By a transfer of members fh)m the locomotive to the cc- 
phaHc series. 

2. By the anterior of the locomotive organs participating to 
some extent in cephalic functions. 

3. By increased abbreviation, concentration, compactness, and 
perfection of structure, in the parts and organs of the anterior 
portion of the body. 

4. By increased abbreviation, condensation, and perfection of 
structure, in the posterior, or gastric and caudal, portion of the 
body: as, in the greater compactness and larger number of seg- 
ments combined in the sacrum of the higher Megasthenes than in 
that of Cetaceans^ or Edentates ; the less posterior elongation of 
the vertebral column and body in the highei- Megasthenes than in 
Cj^cea/itf, or in the tailless Batrachians than in the tailed species 
of the group, etc. 

5. By an upward rise in the cephalic end of the nervous sys- 
tem. This rise reaches its extreme limit in Man. Birds thus 
show their superiority to Keptiles : but not to Mammals ; for the 
bird-type, like the Reptilian, is relatively diminutive in life- 

AiL ious. ScL— Sbgokd Sesixs, Vol. XXXVI, No. 106.— Jclt, 1868. 
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system (p. 9; b6yoird)7 its i elation to the Reptilian type is much 
like that of Insects to the Crustacean (p. 6). 

A decline in the grade of cephalization is shown by the re- 
^ verse of these conditions : as (1) by a transfer of meml>ers from 
the cephalic to the locomotive series; (2) by the posterior ce- 
phalic organs participating in locomotive functions ; (8, 4) by in- 
creased laxness, length and breadth, or spacing, among the parts 
of either the anterior or posterior portion of the body ; (5) by in- 
creased proneness in the position of the nervous system. Also — 

6. By an adaptation oi the organs of the senses to locomotive 
or prehensile purposes : as in the case of the proboscis of the 
Elephant, whicn is a- perverted nose ; also the prehensile termin- 
ations of the second antennae of many inferior Crustaceans. 

7. By an abnormal multiplication of the parts in the anterior 
portion of the body : as in the excessive number of teeth in 
some Cetaceans and Edentates, 

8. By an abnormal multiplication of the parts in the posterior 
portion of the body : as in the abnormal multiplication of mem- 
oers and segments in Phyllopod Crustaceans, Myriapods, etc. 

9. By a further degradation of the structure before and be- 
hind, or a degeneration or obsolescence of the parts or organs: 
as in the absence of teeth in some Cetaceans ana Edentates; the 
degradation of feet into fins, as in Whales, or their total absence; 
the absence of a series of abdominal members in Entomosiracans; 
the absence of antennae in Articulates, provided the senses cor- 
responding to these organs are absent or comparatively imperfect; 
the coalescence of the head and thorax, or of these with the ab- 
domen ; the extension towards, or into, the head of the gastric 
viscera. 

10. By excessive size of body through mere vegetative enlarge- 
ment: as in the Megatherium, iha female Bopyrus, Limulus, etc. 

Degradation, or a decline below the normal level, may hence be— 
I. Multiplicative. — Methods 7, 8, above. 

11. Degenerative, — Methods 3, 4, 9. 
III. Vegetative, — Method 10. Also IV. Phytoid (or plant'Wx\ 

when animals (as Polyps) have (11) the power of budding, or (12) 
a radiate structure, or (13) attachment below ; and in such cases 
the decephalization is often almost as complete as in plants.' 

Examples of cephalization by the first method, or by a trans- 
fer of members from the locomotive to the cephalic series, (or 

* The methods of decephalization in Crustaceans are embraced under two headi 
by the writer, in his paper on the Classification of Crustaceans, (thU Jour., [2], xxii, 
28, and £xpL Exp. Hep. on Criatucea^ p. 1412,) as follows: — 

** First : A diminution of centralization, leading to an enlargement of the circmn- 
ference or sphere of growth at the expense of concentration, as iu the elongatloo 
of the antennie and a transfer of the mazillipeds to the foot-series, the elongatioo 
of the abdomen and abdominal appendages, etc 

** Second : A diminution of force aa compared with the size of the Btructore, 
leaiiing to an abbrvTiatioo or obaoleacence of some circomfereDtial oigaia^ ai ^ 
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of decephaUzaiicny by the reverse,) occur in the two highest sub- 
kingdoms, those of VertArates and AriiculcUes. They fail in the 
two lower subkingdoms, those of MoUaska and Radiates^ because 
of the absence of the necessary structure for showing it. 

The examples under Vertebratea and Articulates^ and the rela- 
tions of the orders among Mollusksj may be briefly considered. 

I. Vertebrates. — Only a single example in the class of Mam- 
mals, or even in the whole subkin^dom of Vertebrates, is possi- 
Ue, owing to the fixed nature and simplicity of the head, and 
also the limited number of feet, two pairs being the maximum. 
This one example has already been pointed out and shown to 
be the basis of the grand distinction between Man and other 
Mammals. In passing downward from the exalted position 
which Man holds, there is a transfer of the fore-limbs to the 
locomotive series : the structure of the head in Vertebrates, even 
to the lowest Fishes, admits of no other case of analogous trans- 
fer.* In the WalncSj the tusks have some locomotive functions, 
as they serve to rest the fore-part of the animal or its head on 
the ice, while the body is in the water; but this is an example^ 
under the second method. The feet are wholly absent in Snakes^ 
and the ribs aid in locomotion ; but this is only a degradation 
o( the vertebrate type, and not decephalization by the first 
method. In most Fishes, and in Whales, the locomotive func- 
tion is transferred mainly to the elongated yertebrated posterior 
extremity of the body — a case of degenerative degradation, simi- 
lar to the last, and analogous also to the multiplicative. 

It is of sufficient interest in this connection to be repeated 
here, that among Mammals the four orders of Megastlienes ex- 
hibit in thelv fore-limbs four distinct grades of cephalization: in 
the Quadrumanes, these organs serve for carrying their young, 
supplying the mouth with food, taking their prey, and for loco- 
motion ; in the Carnivores, for taking their prey, and for locomo- 
tion ; in the Herbivores, for locomotion only ; in Mutilates^ for fish- 
like locomotion, the members having the degraded form of fins. 

II. Articulates, — In the subkingdom of Articulates, the three 
classes are Insedeans, Orustaceans, and Worms : the first includes 

posterior thoracic legs or anterior antennae, or the abdominal appendages (where 
■uch appendages exist in the secondary type embracing the specie."*). 

••The«»e circumstances, moreover, are independent of a degradation of intelli- 
gence, by an extension of the sphere of growth beyond the proper limits of the 
sphere of activity.'* 

• To the zoological characteristics of Man, mentioned in the writer's nrticle on 
Mammals, — that is, the extreme cephalization of his system snd the erect form con- 
nected therewith, — should be added the following, that, while in the Quadrumanes 
the feet are clasping or prehensile feet, in Man they are simply organs of support 
and locomotion. The former fit the Apes for their climbing habits, the latter, Man, 
for human duty. The discussion, now in progress, whether the hind-limbs of the 
Gorilla terminate in hands, or in true feet — " in no sense hands," in the words of 
Prof. Huxley— is of small importance in this connection. 

The writer*B view of the characteristics of Man depending on his tpiritual nature 
are given in th« last Tolume of this Journal, on page 452. 
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Air-breathing species, {Insects, Spiders, and Afyriapods,) and the 
second and third, the Water-articulates. Examples of cephali- 
zation by the first method occur in the first two of these classes. 
They can not in the third, because Worms have no proper feet, 
and are not a type with closed limits, but one admitting of indefi- 
nite multiplication of parts behind and therefore open posteriorly. 

1. Insects, the highest of the three orders of Insecteans, have 
three pairs of mouth-organs, and three pairs of legs. As the 
wings belong to the same segments of the body with two of the 
pairs of feet, they are not to be counted ; for the transfer noted 
IS, in fact, a transfer of segments of the body along with their 
appendages. 

jPassing down from Insects to Spiders, the mouth loses one 
pair of organs, the posterior, and the feet gain one pair, there 
oemg four pairs of feet in Spiders — that is, there is a transfer of 
one pair from the cephalic to the locomotive series. The absence 
of antennae in Spiders is no mark of degradation, since the senses 
exist in good perfection. 

^ Descending lower, to the Myriapods, the Articulate type passes 
below the range of normal variation into a degradational form, 
and one which, like that of Worms, admits of indefinite posterior 
elongation or multiplication of segments (by the eighth method 
of decephalization), and hence it has no closed or fixed limits, 
like that of Spiders, or Insects. Under this loose and multipli- 
cative condition of the system, there is no regular transfer back* 
ward of another pair of mouth-organs : the type is distinguishedy 
instead, by the degradational character just mentioned. 

2. The facts among Crustaceans have already been pointed out: 
that, descending from Decapods, (Crabs and Lobsters,) which have 
six pairs of mouth-organs and^yc of feet, to Tetradecapods, two 
pairs of the mouth-organs are transferred to the locomotive se- 
ries, making the number of pairs of feet seven, and of mouth- 
organs ybwr. 

Descending further, to Entomostracans, or the third order, the 
mouth-organs lose one or more of the remaining pairs, and some- 
times, as in Limulus (or the Horse-shoe Crab, as it is called) aU, 
for the mouth-organs in this species are all true feet. The En- 
tomostracans exemplify decephalization by degeneration {ninth 
method): as in the absence of one or two pairs of antennae; 
the absence of one or two or more posterior pairs of thoracic 
feet; the absence of the series of abdominal members; and 
sometimes, as in Limulus, by the reduction of the abdomen to a 
mere spine. They are degradational forms, as well as the Myria- 
pods; and, hence, the apparent difierence of grade, which might 
be supposed to be marked by the number of pairs of mouth- 
organs transferred backward, can not serve to subdivide the 
order. The distinction of the Entomostracans from the higher 
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Crastaceans consists rather in their degradational characters than 
in any peculiarities of the mouth. In the tribe of Ostracoids 
(Cjpris, etc.) alone, one genus has two pairs of mouth-organs, 
the rest being legs, another threcj and another four, the Tetra- 
decapod number. 

III. Mollusks. — It has been remarked that the subkingdom of 
Mollusks cannot, from its nature, exemplify the first method of 
cephalization. The methods exemplified are the tliird^ fimrth^ 
ninUi and teiUK In the transition from the order of CephaUh 
pods — ihe first — to that of tkphalates (Gasteropods)^ — the second — 
there is a loss of the feet or arms, and a diminished perfection 
of the senses, and activity is reduced to sluggishness. Descend- 
ing to the third order, or Acephals, the antennsB fail, the eyes be- 
come imperfect or obsolete, locomotion becomes very imperfect, 
and in some fails altogether. Among Bryozoans, a still inferior 
order, all the organs of the senses fail, and there is the radiate 
structure of vegetation as well as its sessile character. 

The difference in cephalization between an oyster and a clam 
is very strongly marked, the oyster, when placed in its normal 
position, having its body nearly all posterior to the beak, being 
merely a large gastric mass, and the clam having one-third of 
the body anterior to the beak, and really exhibiting something 
stately m mien compared with the oyster. 

Other illustrations of the subject might be given ; but they 
are not necessary to explain the general principle in view. 

The number of pairs offset in the subkingdoms of Vertebrates 
and Articulates, under those types which afford examples of the 
first method of cephalization, is as follows: 

I. Vertebrates. 
1, in Man ; 2, in all other Vertebrates. 

n. Articulates. 

1. Under Insecteans: 3, in Insects; 4, in Spiders. 

2. Under Crustaceans : 6, in Decapods ; 7, m Tetradecapods. 
The number of pairs of feet in tne different groups are then 

1, 2, 3, 4, 5, 7. Only one case of typical transfer occurs in each of 
the three classes illustrating the subject. Mammals, Insecteans, 
and Crustaceans ; and these cases occur uniformly between the 
two highest orders of the class. 

Man's title to the place assigned him in our former paper ap- 
pears therefore to be unquestionable. 

The types of Vertebrates and Articulates do not admit of any 
homological comparisons. 

The types of Insecteans and Crustaceans are modifications of a 
common type ; yet the two are so widely different, that it is far 
firom true that the five pairs in the highest Crustaceans corres- 
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pond to the four in Spiders plus a preceding pair of mouth- 
organs. The head and locomotive part of tne thorax in the 
Land- Articulates appear to correspond unitedly, as stated by 
Latreille, to the cephalic portion of the Crab, that is, to nine an- 
terior segments out of tne fourteen cephalo-thoracic. In other 
words, this part of the body of an Insect is an extreme concentra- 
tion of the anterior portion of a Crustacean — an example of ex- 
treme cephalization ; while a Crustacean is a diluted Insect, being 
much larger, and more numerous in segments and members.* 

The Lobster (or any ordinary Macrural Decapod Crustacean) 
has an elongate body, and an abdomen well developed and fur- 
nished below with a full series of members. In the male Orabj 
also a Decapod, the body is very short, and the abdomen is with- 
out its members, besides being so small that it folds into a 
pjroove in the under shell of the body ; this diminution of size 
and increased compactness are a consequence of the higher ce- 
phalization of the species (Method 4V Passing from Crabs to 
the still higher Articulates, Insects, tnere is an example of this 
cephalization carried to its maximum, it appearing in the ex- 
treme diminution of size of body and members, in the very small 
distinct head (comprising, normally, a third of the segments of the 
body, though so small), and in the thorax freed from the viscera 
and devoted mainly to locomotion. By this method, an animal 
is made of the highest instincts under the Articulate type. 

From these examples it is evident that where there is a com- 
pacting of the body connected with rise in grade, it is not merely 
a genei'al compacting of the different parts alike, or a general 
concentration and perfecting of the system, but a true cephaliza- 
tion of the system, — the compacting and perfecting showing itself 
primarily in a greater concentration, predominance, and domina- 
tion of the cephalic extremity. 

Among Articulates having feet, an Insect and a Limulus stand 
at the opposite poles of cephalization. The mouth-organs and 
feet in both correspond to those of the head (or the mouth- 

' There appears to be no reason to doubt tbat, in all types, not degradatitmal, 
each piur of members (winjifs excluded) corresponds to a separate normal segment 
of the body. Audouin A Edwards are sustained in their views on this point by 
the fact, that in a Squilla, three anterior ceuhalic segments (those of the eyes and 
two pairs of antenna) and four posterior tnuracic are actually distinct ; and in an 
irienthwt, other segments, anterior to these four, are faintly indicated. (See the 
Author^s £xpl. Bxped. Report on Crustacea, plate 41). 

Assuming tho number of normal segments anterior to the mouth in an Articulate 
from that (three) in the head of a Crustacean, the complete number in an Insect 
is eighteen; and in a Crustacean, ttoenly one, three abdominal being present which are 
obsolete in ao Insect. In the former, h4il/ (or nine) pertain to the head and thorax 
(only three to the thorax); in the latter, tv*o thirds (or fourteen) \ the rest being ab- 
doiminal. In an Insect, the viscera are abdominal, in a Crustacean (excepting some 
degradational forms,) thoracic. The separation of the viscera from the thorax in 
an Insect leaves this part to higher purposes. It is to be noted, that the 10th to 
the 14th segments, indnsive, are vitceral segments in both Insects and Oo^s— being 
the firat part of the abdomen in an Insect, and the last (and large foot-beariog) 
|iart of toe eephabthorax in Crab?. 
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organs) of a Crab. Bat in Limulus there is extreme of degra- 
dation, all the members being large and stout feet, only the basal 
joints of the feet serving as jaws, — the body being enormously 
enlarged by mere vegetative growth, — the antennae wanting, or 
reduced to a pair of pincers, and the animal sluggish, a sport of 
the waves on a beach; while in Insects, there is extreme of 
cephalization, the pairs of feet only three and those small and 
slender, and the body minute in comparison — the antennae well 
developed and serving as delicate organs of sense — the animal 
active, and wonderful in its instinctive habits and knowledge. 

The parallelism, above shown, between Insecteans and Crus- 
taceans proves that Insects^ Spiders and Myriapods are orders in 
a single class, and not separate classes/ Moreover, the orders 
under the classes of Insecteans and Crustaceans constitute par- 
allel series, the first two of each being closed types, within the 
range of normal variation, and the last one of each {Myriapods 
and Entomostracans) being a degradational t^pe, though differ- 
ent, one from the other, in kind of degradation. The parallel- 
ism between the series would be well exhibited if the orders 
were thus named : 

Those of Insecteans, (1) Heocapods, (2) Octopods^ (3) Myriapods; 

Those of Crustaceans^ (1) Decapods, (2) Tetradecapods, (3) Colo- 
pods, this last term (from n6log and novg) signifying defective feet 
or members, which is the prominent characteristic of the order. 

The parallelism extends even further than has been men- 
tioned. The Tetradecapods are not an intermediate type be- 
tween Decapods and Entomostracans : on the contrary, tney lie 
quite out of the range of either. The Decapods, in their de- 
gradational species, pass almost into Entomostracan forms, and 
not into Tetradecapod forms. So among Insecteans, the Spiders 
have the same isolated position and defined limits. Insects, in 
their degradation, approximate to Myriapods, not to Spiders. 
In fact. Spiders stana more nearly between Insects and Crusta- 
ceans than between Insects and Myriapods. 

There is, here, a cross affinity between Insecteans and Crus- 
taceans which is of great interest. The relation of common Spi- 
ders to Brachyural Decapods or Crabs is seen, (1) in the general 

* The grand distinction of the subdivision of Insects consists in their having three 
pairs of mouth-organs and three pairs of feet ; of Spiders, in having two pairs of 
mouth-organs and four pairs of feet ; of Myriapods, in having, through degradation, 
ao indefinite number of segments and feet. Hence, to include Spiders, Myriapods, 
and the Hexapod group of Pulices, Lepismce, Pediculi, and the like, in one division 
called Aptera, as done by some naturalists who adopt the general division of In- 
•ecteans, is a violation of all true affinities. 

Professor Agassiz recognizes the same three classes of Articulates, as above, by 
the writer, and the same subdivisions, or orders, of Insecteans, but " from embryo- 
logical data." The writer has not felt ready to deprive Spiders and Myriapods of 
their place in separate classes, coordinate with those of Insects, Crustaceans and 
Worms, (a common method among zoologists,) until recently, when the special ap- 
pUcatioD to thfn Articulates of the principle above explained occurred to him. 
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form or habit of body (some Crabs are called sea-spiders) ; and 
(2) in the coalescence of the thoracic and abdominal nervous 
ganglions into a single central thoracic ganglion. At the same 
time, the division of ScorpionSj among Spiders, is correspondingly 
related to that of the Macrural Decapwls^ (1) in the oody con- 
sisting of a series of segments; and (2) in the nervous ganglions 
being distinct, one to each abdominal segment. Moreover the 
maxillipeds are long and chelate, like the outer pair in some in- 
ferior Macrurans. 

Again, the Myriapods are distantly related to the Tetradecapodt^ 
they being similar in their annulated structure, each segment 
having its pair of feet, and some species of the former (as those 
of Olomeria) even resembling the latter quite closely in form, 
articulation, and antenn», and many of tnem having also the 
habit of some Oniscidoe (Tetradecapods) of rolling into a ball. 

Thus, the second order of Insecteans is related, as regards form, 
to the Jirst of Crustaceans ; and the third of Insecteans, to the 
second of Crustaceans. 

The earliest of Crustaceans, the Trilobites, one of the compre- 
hensive types as styled by the writer, are, therefore, not only 
intermediate between Entomostracans and Tetradecapods, but 
also, in some respects, between these and the Myriapods. More- 
over, like the latter, Trilobites are abnormal in the very large 
number of segments of which the body is composed ; and some- 
times, also, they present no distinction between the cephalotho- 
rax and abdomen. 

The facts pointed out prove conclusively that Insecteans and 
Crustaceans constitute classes of equivalent value. 

2. Megasthenes and Microsthejies. 

The two grand divisions of typical brute Manmials, the Meg- 
asthenes and Microsthenes^ are not separated by any very marked 
difference in type of structure; ana still there is a profound fun- 
damental difference between them, — that, to which the names 
refer. This is in contrast with the fact among Crustaceans, the 
megasthenic and microsthenic divisions of which (the Decapods 
and Tetradecapods) stand widely apart. But in the class of Crus- 
taceans, the structure varies between remote extremes, while, 
in that of Mammals, there is a remarkable fixedness, or an ex- 
tremely limited range of variation. Hence, in the distinctions 
of Megasthenes and Mhrosthenes^ among Mammals, we cannot 
look for the marked diversity that subsists between Decapods 
and Tetradecapods^ although the naturalness of the subdivisions 
is none the less real. The words Megencephals and Micrencephals 
(signifying large-brained and small-brained Mammals) may better 
satisfy the desire for names expressing something tangible in 
the structure. Yet they do not appear to indicate the funda* 
mental distinction between the groups. A general structural 
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characteristio may yet be detected corresponditig to these meg^ 
thenic and microsthenic qualities ; but even then, the disUnctive 
idea of the subdivisions could hardly be better expressed than 
by the names proposed. 

The parallelism between the Megasthenes and Microsthenes 
among Mammals and the Decapods and Tetradecapods among 
Crustaceans suggests, that if the subdivisions be called orders 
in the latter case, they should be so called in the former. 

The distinction between Megasthenes and Microsthenes may, 
perhaps, become more intelliKible, if we regard a living structure 
aa a b/h-sj/slem^ or, speaking dynamically, a life-battery. In order 
that such batteries may have a very wide range of size, two or 
more plans of construction, more or less different, appear to be 
requisite. With one plan, there is a certain magnitude which 
is that of most efficient action and power ; and from this magni* 
tade, there may be a series of larger and smaller sizes, reaching 
to the outer limits of normal perfection ; and then, if these 
limits be passed in either direction, that is, either on the side of 
too great magnitude, or of too little, degradation in the structure 
and its powers begin to appear. 

To carry the species through another ran^e of sizes, with nor- 
mal perfection ot structure, another somewhat different plan is 
required. The Megasthenes represent one such plan, the Mic* 
rosthenes another. 

This idea is brought out by the writer in his chapter on the 
Classification of Crustaceans already referred to. He there says, 
speaking of the orders of Crustaceans, viz: Decapods, Tetra- 
decapods, and Entomostracans : — 

^ L Each tjpe corresponds to a certain system of force more or less 
centralized in the organism, and is an expression of that force, — tbe 
higher degree beinff such as is fitted for the higher structures dereloped, 
the lower such as is fitted for structures of interior grade and size. In 
other words, the life^jstem is of different orders for the different types, 
ind the structures formed exhibit the extent of their spheres of action, 
being such at are adapted to use the force most effectively, in accordance 
with the end of the species. 

** IL In A given type, as the first, for example, the same system may 
be of different dimensions, adapted to structures of different sizes. But 
the size in either direction for structures of -efficient action is limited. 
To pass these limits, a life-system of another order is required. Tbe 
Macroara, as they diminish in size, finally pass this limit, and the organ- 
isms (Mysidse, for example) are no longer perfect in their members; an 
obsolescence of some parts begins to take place, and species of this small 
size are actually complete only when provided with the structure of a 
Tetrad ecapod. 

**The extreme size of structure admitting of the highest efficient ac- 
tinty 18 generally three to six times lineally the average or mean typical 
size. Of these gigantic species, three or four times longer than the mean 
▲m. Joub. Scl— Sscond Sbsiss, Vol. XXXVI, No. 106.— July, 1868. 

9 
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type, there are ezamplee Among the Binchyara and Haeroiira, whidi 
have all the highest attribates of the speciee. There are also Amphipo* 
da and Isopoda three inches in length, with full vigoroos powers. Amoi^ 
Entomostraca, the Calanids, apparently the highest group, include spe- 
cies that are three lines long, or three times the length of tne mean tjpe. 

" III. But the limit of efficient activity may be passed ; and when so 
it is attended with a loss of active powers. The structure, as in the fe- 
male Bopyrus and Lemsoids, and the Girripeds, outgrows vegetatively 
the proper sphere of action of the system of force within. This result 
18 especially found in sedentary species, as we have exemplified in oar 
remarks on the Girripeds. 

^ IV. Size is, therefore, an important element in the system of animal 
structures. As size diminishes, in all departments of animal life, the 
structure changes. To the human structure there is a limit; to the 
quadrupeds also, beyond which the structure is an impossibility ; and 
the same seems to l>e the case among Grustacea. The Decapod, as the 
size diminishes, reaches th^ lowest limit ; and then, to continue the range 
of size in species, another structure, the Tetradecapodan,'i8 instituted; 
and as this last has also its limit, the Entomostracan is introduced to o(m' 
tinue the gradation ; and, as these end, the Rotatoria begin. Thoa Grus- 
tacea are made to embrace species, from a length of nearly two feet ^or 
two hundred and fifty lines^ to that of a one-hundred-and-fiftieth of a 
line. These several types ot structure among Grustacea do not graduate, 
as regards size, directly from one to another, but they constitute overlap* 
ping lines, as has been sufficiently shown." 

While on this subject of life-batteries, the writer would sug- 
gest that the grand dynamical distinction between MoUusks ai^ 
Articulates may be this : 

A Mollusk corresponds to a qu/mtiiy-haUery^ but one of very 
weak force ; that is, it is analogous to a galvanic battery of iioo 
or three small pairs^ ai the most This is indicated, (1) by the 
structure of the species, especially the absence of all articula- 
tions, the animal — a locomotive digestive system — bein^, as it 
were, in one simple bag ; (2) by the number of ganglions limited 
to three; and (8) by the sluggishness of the animtd. 

An Articulate, on the contrary, corresponds to an intermix 
battery J or is analogous to a galvanic battery of many small pairs; 
for (1) the body consists of many segments ; (2) there are nearly 
as many nervous ganglions as segments (normally, as many); 
and (8) the animals in the more tj^pical species have extreme 
rapidity of movement, and high instincts. The small number of 
ganglions in most Spiders is evidently due to a coalescence of 
several in the one central thoracic ganglion, as in Crabs. 

In the highest MoUusks, the Cephalopods (Cuttle-fish, etc.), 
the Invertebrate quantity-battery reaches its greatest power. 

Vertebrates also appear to correspond to a quantity-battery 
(as shown hv the «implicity of the nervous system) ; but to one 
admittbq; of vastly greater power. 
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Abt. n. — ObservatioM upon some of the Brachiopods^ with re/erenee 
to the genera OrypkmeUa^ CeiiironeUa^ Meristella^ andalMed forvM; 
by Jakes Hall. Abstract of a paper read before the Albany 
Institute, February 8d, 1868/ (Communicated by the author.) 

(Coodnded from toL zzzt, page 406.) 



In the Thifieenih Etport on the State Chbinet (p. 74, 1860), I pro- 
posed the Gbnus MeristeUa^ to embrace certain species before in* 
eluded under the Genus Merista^ and which were shown not to 
possess the peculiar shoe-lifter process, or transverse septum, char- 
acteristic or the latter ^nus. I remarked as follows : " BcsBtrict- 
ing, therefore, the signification of the genus Merista to such forms 
as were originally included by Prof Suess under that name, it 
becomes necessary to designate those species of similar form, but 
without the peculiar appendage of the ^entral valve, by another 
generic term ; and I would therefore suggest the name of MertS' 
tdla^ proposed by me last year."* 

After describing the genus, I cited as illustrations several spe- 
cies from the Lower Hdderberg group ; and gave figures of the 
exterior of Meristella princeps bx^ Al nasiUa, the latter species 
from the Upper Helderberg group. 

In the same Report I described three other species of the 
genus, viz: Merisieua Haskinsi^ M. Barrisi and M, Doris^ but 
without giving illustrations of these. 

Since, on the one side, this ^enus has been claimed to be 

auivalent to Athyris^ and, on the other, the same author has 
)ced some of its species under a later created genus Charionella^ 
it seems necessary to repeat some of the characters of the genus 
in this connexion. 

Genus Meristella Hall, 1860. — The genus includes terebra- 
tuhid or Athyroid forms which are ovoid, more or less elongate, 
sometimes elliptical in outline, and not unfrequently transverse 
or sub-circular; valves unequally convex, with or without a 
median fold and sinus, and this feature usually confined to the 
lower half of the shell. Ventral beak more or less closely 
incurved (when closely incurved apparently imperforate), termi- 
nated by an aperture, the lower siae of which may be formed 
by the umbo of the dorsal valve, or by a deltidium. Area none.* 

' From the Tnuttactioiu of the Alhanj Institute, with some verbal correctioDs 
and the intnKluction of subsequent obserTations by the author. 

* In the Twelfth Report <m the State Cabinet, 1859, page 78, in referring Atrypa 
navi/armU of vol ii. Pal. N. Y, to Meriata, I said: **This species, and some 
others of the Clinton and Niagara groups, differ somewhat from true Merintae ; and 
should these differences prove of generic importance, I propose for them the name 
MeriUellar 

' Those spedee with the ventral valve closely incurved are apparently imperfo- 
rate, since no foramen is visible above the umbo of the dorsal valve. In the sepa- 
rated valves of these species, I have ntft seen any deltidium ; an open triangular 
■paee exista above the points of the dental lamellte, and this communicates with the 
open cavity of the valve. 
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YKlves articulating bj teeth and sockets. Sarfkce smooth or 
marked by fine concentric lines of growth, not lamelloae, ttod 
indistinct or obeoleacent radiating stnie, which are oanally more 




Tif. si. Mtn-ttUa 
!Bdt*ido>l.— Klg. iS. J 
Kig.SO. Cs4t ofthaTentrmt Tklve.— Fig. 31. Doival TJew of the nine upeciM.— Pig. 
tS. Interior nf tiie ilor<ial mlve of if. arrHola. ihciving ilia hinge plutr and medirm 
Mutum. — Fig. SI. Cut of vMitrtl vhIt* of Jf. Sarriti.— Fig. St. Cut of tcoMI 
TldTe of if. Maikinti.' 

conspicuous in the cast or exfoliated surfaces than on the exte- 
rior. Shell fibrous. 

The ventral valve is much thickened on each side towards 
the beak, and tiie rostral cavity margined by flattened dental 

* Th« cait* of Jr. Strriti nod M. Hatkititi ara obtained from aolid ipedmana 
by TcmuTuig tba riielli, aod therefore hure not Uiat tharpiMM of tb* n 
MM-Uoga wbicb w* flnd ici ireathercit er ' 
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lamelle, which extend downwards to the commencement of the 
jnoacular impression, and terminate at the edge of the shell in 
blunt tooth-like processes. The muscular impression forms a 
somewhat broadly triangular depression in the valve just below 
the rostral cavity. In the cast of this valve we have the reverse 
of these features. 

In the dorsal valve there is a strong hinge pidte or process^ 
the prominent part of which is broadly triangular, somewhat 
depressed or spoon shaped in the centre, and supported below 
by a median septum which reaches from one-third to one*half 
the length of the valve, and on each side, marked by deep den- 
tal fossets, while the anterior angles are produced into the crura 
which support the internal spires. 

Spires arranged as in AthyrU and MerUta^ being a double 
cone with the apices directed outwards. From the lower lateral 
margins of the cardinal process or binga plate, there is a callosity 
extending beneath and anterior to the dental fossets, and joining 
with the thickened margin of the valve, as in the other allied 
geoeim. 

.Id the cast of the dorsal valve we have the mark of the me- 
diaa septum, with an elongate, lanceolate muscular impression, 
naehin^ nearly to the middle of the valve. The imprint of the 
Iriaogular process, and the cavities made by the crura are often 
preserved. 

The species of this genus may be readily distinguished from 
Merista oy the absence of the shoe-lifter process, which, in nu- 
merous specimens compared, constitutes the principal difference 
between the two genera.* 

The illustrations on the preceding page will serve to show 
more clearly the characteristics of this ^enus. 

In the dorsal valve of Af, Barrisi we nave a hinge plate, with 
A median septum reaching more than one third the length of 
the shell, and the same characters exist in if. Uaakinsi. In M, 
Dorii the rostral cavity and muscular impression of the ventral 
▼alve are much elongated, and resemble what I have heretofore 
shown in MerxsUUa kvis* The dorsal valve has a strong exten* 
ded median septum and hinge structure as in the other species.^ 

The proportions of length of rostral cavity and muscular im» 
pression, vary in different 8()ecies; and the muscular impression 
becomes much stronger and deeper in the older shells, when the 
valve as before remarked becomes thickened at the sides and 

* On plates 89 and 41 of Pal. iV. Y., vol ill, may be found Bome illustrationt 6t 
the eauU of epedes of thin (i^enus. 

* Palmontoloffy of New York, vol. iii, plate 89. 

* In recUimirig tbc»e species of Mfruteila, I am not imputing the validity of 
the genoa CharioneUa of Mr. Billingjt, for none of the^e have the chnmctf*n« of the 
dorsal valve of CharioneUa as represented on page 874. No. 88 of the Canadian 
Jemmal, which is not only clearly unlike Meri9telia,hnt very distinct from any genua 
pf Spiriftridat belbre described. 
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towards the beak. This character pertains to the limestone wpt- 
oimens, while those in the Ilaniilton ehales, as figs. 7 and 8, hant 
thinner shells, and less deep and strong muscular impresaiona. 

I have already {TkirUenlk Beport on Ae Stale Cabinet, pp. 73-76, 
and illostrattons on p. 93) pointed out the distioction between 
Alhyru=l^irigera and Meruteila. This difference is eTerjwbere 
clear and unmistakable, in the external Inmellose snrfaoe of tlie 
one, and the almost smooth character of the other. The mils- 
enlar impressions of the ventral valve of Athyria are at ooce 
distinguish able from those of MerUuUa; as maj be seen on 
comparison of figs. S6 and S6 with figs. 29 and 80. 





n^.tS. Intstior of Ttntnl T^Te or ^fA|Ti« (pfn/fmdH. — i^.K. CutofWM- 

In the dorsal valve, the muscular impressions differ from 
MeriateUa; the hinge plate is of somewhat different character, 
and the median septum is scarcely developed. 

NoU on the Genua Lkfkkxblia. — Among the specimens sent 
to me by Dr. Rominger, are two individuals of Leplocaelia concava, 
showing the existence of internal spires ; and a careful exam- , 
inatioQ of my own collectiona from the Lower Helderberg groap 
has ahown several specimens possessing these internal organi 
which have their apices directed obliquely outwards, and are 
connected near their origin by a strong vinculum on the dorsal 
aide. Afler repeated examinations of a large number of the 
Oriskany sandstone species, from which the characters of the 
genus were mainly drawn, I have failed to detect internal spires. 
The form of the internal loop, as represented in the figures of 
the genus, was ascertained, as stated by me, mninly from cavities 
remaining in the crystalline filling of the shell. There were no 
api>earances of spires, nor does a re-exnmination of the specimen 
Afford any farther information, or indicate in any manner that 
Bpires have ever existed. The crura can be traced to the divi- 
sion at the process, and below this is a fiat cavity. 

A criticil re-examination of the fossils referred to this genus 
shows that there are at least three distinct types, in their exter- 
oal form and features, which, in the absence of positive knowl- 
edge of the internal structure, were grouped together. A far- 
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tber examination shows some peculiarities of hinge structure in 
Qtoh one of them, which are probablj connected with more, im- 
portant difTereace of the internal parts. One of these tj|pes is 
indicated in the two strongly plicated species of the Oriskanjr 
sandstone, which have a median sinus near the front of the ven* 
trel valve, with two of the plications often oloselv incarved. 
Another type is that of Leplocalia concava, and allied forma, 
which are more finely pHcated, and where there is a sinus on the 
dorsal valve, though not distinctly defined. The third type is 
represented in Leploaxlia (Atrypa) ptanoconvfxa, which has a 
somewhat undefined depression on the dorsal valve, and a form 
of cardinal process unlike the other species. The internal struc- 
ture of ibis species is still unknown. 

The LepbuxtUa imbricata proves to be a T^vmaioapira, and the 
same characters are apparent in L. duparilis of the Niagara 
group, the concavo-convex form of the shell being the only 
apparent deviation from typical forms of that genus. The Ten- 
h^ula Upida of Goidfuss, as shown in the collections of Dr. 
Rominger, possesses internal spires precisely similar to those of 
Trtmaiotpira camura. 

The JU. concava, both in its ester- W- 

nal characters and in the arrangement 
of the crura and vinculum, differs 
ftom TVemaiospira, and with the 
knowledge at present possessed, I am 
compelled to separate this species 
from those last named, and from the 
L.fiab^iiea, L.fiv^mata and L. acuti- 
p^xUa, I would propose to indicate 

jbrins of this external character with „ , _. 

sunilar crura and spires as VceloapiTa. 

The difficulty constantly attending the references of the Bra- 
chiopoda, to establish genera from external form and characters, 
renders it very desirable to search for the interior organization 
ind appendages; but the condition of specimens does not always 
admit of satisfactory investigations, and not unfrequeutly the 
specimens possessed are bo few as almost to preclude examina- 
tions of this kind. 

As an example of the diversity of internal structure in similar 
external forms, I may mention the Terthratula altidorsata of Ba> 
lande, which so nearly resembles the Oentronella Olans-fagea that 
it might readily be mistaken for that shell. On cutting and 
macerating specimens of the former, they prove to possess inter- 
nal spires arranged as in iferisUUa, removing it from the family 
of the lirdfratulidce. I have not been able to determine whether 
the shell of this speciea is punctato«r fibrous, from the specimeas 
Ip 
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Abt* IIL — HydrauUci of the Report on the MiBeimppi Rivet ef 
Humphreys and Abbot; by Pro£ F. A. P. Barnard/ 

ly former notices* of this important Report| we have ex* 
hibited the general scope of the work, and presented some of 
its interesting details in regard to the physical geography of 
the great hydrographic basin to which it relates. We propoae^ 
in the present article, to examine the hydraulic investigatioiis 
which occupy the greater portion of its bulk, and for the aike 
of which the laborious survey, of which it furnishes the histoiy 
and the results, was originally instituted. We are induced to 
do this with some particularity, because, in the first plaoe^ 
the report itself is not so generally accessible as could be io- 
sired ; and because, secondly, its conclusions, though novel and 
in some respects paradoxioJ, are yet so convincingly estab- 
lished upon the broadest possible Misis of experimental proof, 
as undoubtedly to be destined to revolutionize the whole science 
of river-hydraulics, if in fact they may not properly be said 
to have, lor the first time, created it This may be consid-' 
ered strong language ; and, whether regarded as an enoomiom 
upon the present work or a disparagement of what has been 
done in the same department heretofore, it will probably be pro- 
nounced extravagant Lest, however, we should be thought to 
have spoken too lightly of the labors of former observers or 
theorists in this department of physical investigation, we cite 
here, in justification, the following sketch, by a master hand, of 
the condition of hydraulic science, theoretical and practical, as 
it existed sixty years ago ; and as, without the slightest substan- 
tial improvement, it has continued to exist from that time to the 
E resent The sketch is by the eminent Dr. Bobison, of Edin- 
urgh, himself a very felicitous, though not entirely an original, 
writer upon the same subject Dr. Kobison, after pointing oat 
the extent to which the interests of every civilizea people are 
involved in questions relating to the control and distribution of 
the running waters of the globe, and the great variety of ways 
in which we are constantly engaged in endeavoring to secure 
such control and distribution, proceeds as follows : 

** Such having been our incessant occupations with moving waters, we 
should expect that, while the operative artists are continoallj furnishing 
facts and experiments, the man of speculative and scientific curiosity, ex- 
cited bj the importance of the subject, would, ere now, have made con- 
siderable progress in the science ; and that the professional engineer wonld 
be dailj acting from established principle, and be seldom disappointed in 

' Report upon the PhysicB and Hydraulics of the Mississippi River ; upon the 
Ph>teciion of tbe Alluvial Region agaii^t overflow ; and upoo toe Deepening of tba 
Mouths. Bv Capt. A. A. HuMPBasTt and Lieut H. L. Abbot. Submitted to th« 
Bureau of Topocrraphical Engineers, War Department, 1 861. 4to, pp. 466 and olvi. 

* This JonnuU, szadii, 181, zzzv, 228, 284. 
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his expectations. Unfortunately, the reverse of this is nearly the true 
state of the case : each engineer is obliged to collect the greatest part of 
his knowledge from his own experience, and by many dear bought lessons 
to direct his future operations, in which he still proceeds with anxiety 
and hesitation : for we have not yet acquired principles of theory, and 
experiments have not yet been collected and published by which an em- 
pirical practice might be safely formed. * * * The motion of waters has 
oeen really so little investigated, that hydraulics may still be called a new 
study .'^ And again, 

"As to the uniform course of the streams which water the face of the 
earth, and the maxims which will certainly regulate this agreeably to our 
wishes, we are in a manner totally ignorant Who can pretend to say 
what is the velocity of a river, of which you tell him the breadth, the 
depth and the declivity ? Who can say what swell will be produced in 
different parts of its course, if a dam or weir of given dimensions be 
made in it, or a bridge be thrown across it; or how much its waters will 
be raised^ by turning another stream into it, or sunk, by taking off a 
branch to drive a mill ? Who can say with confidence what mu^t be the 
dimensions or slope of this branch in order to furnish the water thai is 
wanted ; or the dimensions and slope of a canal which shall effectually 
drain a fenny district ? W'ho can say what furm will cause or prevent 
the forming of elbows, the pooling of the bed, or the deposition of sands f 
Yet these are the most important questions. The causes of our ignorance 
are the want or uncertainty of our principles; the falsity of our theory, 
which IS belied by experience; and the small number of proper observa- 
tions or experiments, and diflSculty of making such as eball be ser- 
viceable.'* 

In asserting that this extract continues to represent the state 
of the science of river hydraulics at the present day, as com- 
pletely as it did at the close of the last century, when it was 
written, we rest upon the notorious fact that these very questions, 
and every one of these questions, which are here set forth, as 
unsolved in the time of the writer, are as far from finding their 
solutions in the works of the highest authorities on the subject, 
at the present time, as they were then. And though Dr. Eobison 
himself proceeds to set forth a system — theoretic and pnictical 
— mainly adopted from Dubuat, which he concludes witn aflBrm- 
ing that he has " established," and which he assures us " may 
be confided in as a just representation of nature's procedure;" 
and though many eminent laborers, since him, in the same field, 
have put forth other systems, each believed to be an improve- 
ment on the last; 3'et nothing is better known than that the 
opinions and practice of our ablest engineers have been, and are 
jret, most widely at variance in regard to the simplest problems 
wrhich present themselves relating to the control and manage- 
ment of our natural streams ; or that, just in proportion as such 
>treams are large, or are fed by numerous tributaries, drawing 
their waters from regions subject to diversified climatic vicissi- 
Am. Jour. Scl— Second Svaiss, Vol. XXX\% No. 106.~Jclt, 186S. 

3 
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tudes, in the same proportion thej are defiant of all the dogmas 
of the books, and all the laws, however carefully elaborate, of 
hydraulic theorists. Indeed, in the very year in which the sa^ 
vey, of which we have in this report the results, was coramenoed, 
there was submitted to the Bureau of Topographical Engineers, 
at Washington, a report covering a portion of the same ground, 
viz : the question ot the best means of preventing the overflows 
of the Delta of the Mississippi, by a gentleman reputed to be 
one of the ablest civil engineers the country has produced — ^the 
late Col. Ellet — in which all the received formula for determin- 
ing one of the most important elements in the inquiry — the 
mean velocity of the stream — are set aside, and a new one intro- 
duced; and in which the conclusion is reached that protection 
by levees in the lower parts of the valley, is entirely impractica* 
ble. The latter view is one which mauv others, both before and 
since, have strongly held : and inasmuch as this river is a subject 
which has more or less occupied the mind of every man in the 
country having any pretensions to engineering skill, or any taste 
for this class of physical- inquiries, it is a view which has been 
just as strongly uiscountenanced and as stoutly controverted, as 
it has been confidently maintained. Now if the science of river 
hydraulics had not beisn in the condition of uncertainty and im* 
perfection which we have presumed to impute to it, how oonld 
It be possible that a great practical problem like this, the very 
foremost in magnituae of importance that could be stated in 
regard to the grandest of our rivers, could thus divide for years 
the opinions, not merely of the incxperts who dwell upon the 
banks of the stream and suifer from its ravages, but of the 
mathematicians and philosophers of the whole country, who 
exhaust, for its solution, all the resources of science; and of the 
practical men whose daily occupation it is to deal with precisely 
such cases as this, and who malce the subjugation and control of 
unruly waters their profession ! 

The Mississippi has undoubtedly been, in this country, the 
standing opproorium of hydraulic science. Lesser streams, in 
their occasional outbursts of disobedience, when they roar defi- 
ance at the artificial laws set up to govern their behavior, though 
they may embarrass and annoy, yet from their inferior force and 
volume, fail so utterly to astound the unhappy engineer whom 
they set at naught, as this monster of the Mississippi. Even blun- 
ders in hydraulic constructions may not glaringly betrav them- 
selves, when the force to be contended with is moderate, lint the 
Mississippi will submit to no trifling; and the projector or the con- 
structor who shall prescribe to it a rule which is not its own rule 
— that is to say, the rule of nature — will find his plans con- 
founded or his works swept off in one wild ruin, the very first 
time the giant rises in his might. All this is so well known 
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tiMBt it has beoome habitual with the engiDeers, professional or 
amatear, whose notions and speculations this most independent 
of streams so constantly disconcerts, to shift the blame of the 
contradiction from their own shoulders to those of the river-god 
himself; and to speak disparagingly, perhaps we should say 
bitterly, of the Mississippi, as a lawless river, a capricious river, 
an inconsistent river, a oonfferies of anomalies which will never 
be understood, because, like Proteus, it never presents itself 
twice under the same aspect 

All this depreciatory and disrespectful language, is however 
sadly misapplied. The Mississippi is not a lawless river : it is 
only a large river. It is not a capricious river; but, draining as 
it does an immense hydrographic basin or system of basins, its 
hydraulic pulsations faithfully respond to every meteorological 
vicissitude in aU that vast region, and present therefore phe- 
nomena whicli, at the time and place, may not always furnish 
their own immediate explanation. It is not an inconsistent river; 
for though it may sometimes seem, to the hydraulic engineer who 
studies its deportment, to conform itself with a docility truly 
gratifying to the formulae which he has been taught to suppose 
should represent its movements, and at others may contradict 
them in a manner the most unceremonious and the most pro- 
voking; yet it is quite an error to draw, on that account, a con- 
dosion injurious to the character of the stream. The true mode 
of looking at the phenomenon is this: — The formula is indeed 
inconsistent with the river, but not the river with itself. For 
the river being one of the forms of embodied nature, if the 
foraiula fails to represent it, then the formula is inconsistent with 
nature: and were the river to conform itself to the formula, it 
would be truly an inconsistent river. 

It is probably in the fact that the Mississippi is a large river 
that we shall nndaclew to the reju^on that it has been pro- 
nounced lawless. The laws by which it is presumed that flowing 
waters are governed, though partially deduced from theory, have 
been modified in their expression, by the accidental peculiarities 
of the minor streams whose habits they were designed to repre- 
sent Reduced to formulae, they may exhibit no wide discord- 
ance with the phenomena of those particular streams, or of 
others which nearly resemble them. Wo by no means intend 
to deny to them this local or limited value. But these peculiar- 
ities may so mask the action of other and nu^re general laws, 
that when the same formula) are applied to the vast volumes of 
water which roll along the beds of the Ganges, the Amazon or 
the Mississippi, where the influence of such accidents bears to 
the great living force of the flood a ratio much less appreciable, 
they may be found to fail altogether. If it is true that flowing 
waters are governed in their movements by determinate laws. 
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which human observation is competent to detect^ and which the 
human understanding is capable of comprehending, then cer 
tainlj we may most reasonably hope to arrive at the discovery 
of those laws by attending to tbe examples in which their open* 
tions are illustrated upon the grandest Hcale. The Mississippi is 
therefore a river, which, so far from being lawless^ is likely to 
afford us the most magnificent revelations of law : and its soo- 
cessful study is far more likely to afford us an intelligent unde^ 
standing of the phenomena of lesser streams, than any amount 
of labor expended on such streams, to conduct us to a compre- 
hension of the Mississippi. The correctness of this view is, we 
think, fully established by the Report before ue; of which we 
will now attempt to present a succinct analysis. 

The properly hydraulic portion of the Report commences with 
a concise exhibit of the existing state of hydraulic soienoe^ 
including an exhaustive catalogue of the writers who have 
treated of the subject This is followed by an elaborate detail 
of the operations of the survey, both in the field and in the 
office, with a statement of the conclusions to which they soo- 
cessively led. Then succeeds an examination of the scnetnes 
which have been suggested for the protection of the alluvial 
lands of the valley against inundation ; by straightening and 
shortening the channel of the river; by relieving it of a portion 
of its burthen of waters, through the diversion of tributaries or 
the creation of new outlets; and by confining the waters within 
levees or embankments higher than the highest floods. The first 
of these divisions we pass over. The third may form the subject 
of a future notice. It is the second which embraces the matter 
which interests us at present. In presenting the conclusioni 
of the report as it regards the laws which govern the move- 
ments of flowing water, we shall depart from the order of the 
report itself so far as to group nil these conclusions at once 
together, apart from, and in anticipation of, any explanation of 
the methods by which they are deduced. In this form their 
bearing upon each other, and their completeness as a system, 
will better appear. The authors, in their development of the 
subject, have strictly and very properly pursued the inductive 
method, by which the investigation was originally conducted; 
each conclusion being preceded by the full detail of the processes 
through which it was reached. 

It must be prernijsed that the problem of the flow of water in 
natural channels is complicated by many conditions subject to 
no definite law ; such as the variations of cross-section, the 
number and magnitude of bends, and the irregularities and 
obstructions which may exist in the bed. In the first step 
toward the solution, the complications and uncertainties whicn 
the consideration of these particulars would introduce must be 
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svoidecL The laws which we are about to state, are, therefore, 
to be understood of waters moving uniformly in channels straight 
and regular. With this explanation, we cite from the report, in 
a form condensed from that in which we find them, the following 
propositions : — 

In a uniformly flowing stream, the maximum velocity of the 
water, in any vertical plane parallel to the current, is not found 
at the sarface, but at a point situated a little more than three 
tenths of the depth below the surface. 

To whatever cause it may be owing, there is a resistance to 
the flow of water at the surface, similar in kind to that which 
takes place at the bottom, though usually less in degree. This 
resistance is propagated downward, according to a law of dimi- 
nution similar to that with which the resistance at the bottom is 
propagated upward. 

If the velocities in the same vertical plane, parallel to the 
eorrent^ be plotted as ordinates, and the depths at which they 
are observed as abscissae, the curve drawn through the points 
thos determined is sensibly a parabola, having the filament of 
maximam velocity for its axis, which is, of course, horizontal. 

This parabola varies its curvature with the changes in the 
mean velocitv of the river; the curvature being at its maximum 
when the velocity is greatest When the velocity is zero, the 
parabola becomes a straight line. 

The law which governs the curvature is determined by the 
proposition, that the reciprocal of the parameter of the parabola 
varies as the square root of the mean velocity of the river. The 
reciprocal of the parameter of sub-surface velocity is therefore 
the ordinate in another parabola, in which the mean velocity of 
the river is the abscissa. 
The parameter of the parabola of parameters is, for rivers 

Senerallv, sensibly constant It is, however, a function of the 
epth; but such a function that the variations are nearly inap- 
preciable for river formulae, except for depths less than twenty 
or perhaps twelve feet 

The variations of velocity in horizontal planes, at the surface 
or below it, follow the same law as in vertical planes, the curve 
which represents them being a parabola having its axis in the 
thread of maximum velocity. 

The depth of the axis of sub-surface velocities in vertical 
planes is affected by the wind, being depressed when the wind 
18 up-stream, and elevated when the wind is down-stream. The 
amount of displacement is directly proportional to the force of 
the wind and the depth of the river, and is sensibly the same 
for the same wind-force, in either direction. 

Neither the velocity at the surface nor the velocity at the 
bottom, nor, generally, the velocity at any determinate depth, is 
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a function of the mean velocity of the river only. The methodfl 
of gauging which have been foanded on the assunoption of a 
simple ratio, existing between some particular observed velocity 
and the mean velocity, are therefore all erroneous. 

The ratio between the observed velocity, at any depth in any 
vertical plane, and the mean velocity, in the same vertical plane, 
is a function of three variables, which are the mean velocity of 
the stream, the depth of the river, and the force of the wind. 
There is one particular depth at which the ratio becomes inde- 
pendent of this last variable, and sensibly so of the depth of the 
river. This is the depth midway between surface and bottom. 

The simplicity of the relation, between the mid-depth velocity 
and the mean velocity in the same vertical plane, suggests a 
method of gauging rivers, by which the labor of the process is 
greatly diminished, and its accuracy promoted. A method 
may be founded upon the observed velocity at any depth, pro- 
vided the variables which affect the ratio between that and the 
mean velocity in the satne plane are duly considered. Such a 
method was employed in the measurements of the Mississippi, 
during a considerable period of the operations of the survey. 

The foregoing are the principal laws which govern the nabi* 
tudes of water flowing uniformly in straight and regular chan* 
nels. The following relate to the relations which exist between 
the cross'Section, slt>pe, and mean velocity of the stream. 

The area of the cross-section, the wetted perimeter, the width, 
the slope, and the mean velocity of the river, are connected with 
each other by such relations, that, when the first three are a8ce^ 
tained by measurement, together with the discharge per second, 
the other two may be determined. For practical purposes, the 
wetted perimeter and the width may be treated as a single 
variable. The variables will then be four; and of these, if any 
two be given along with the discharge, unless the cross-section 
and mean velocity happen to be given together, the others may 
be found. 

If a sensible addition be made to the waters of the river in 
any given stage, all the variables will be increased at once. The 
changes of the cross-section and the perimeter are, however, sim- 
ple Junctions of the increase of depth and the inclination of the 
banks; or, the latter being disregarded as of trivial influence in 
•a large river, of the increase of depth only. The change of 
slope is a function, but a less simple one, of the same unknown 
quantity. If, during a rise, the stand of the river above the 
extreme low water line be taken as the ordinate of a curve, and 
the increase of slope divided by the increase of depth be taken 
as the abscissa, the curve to which these coordinates correspond 
is a parabola. The parameter of this parabola is constant at the 
•anae jlocality, but its values at different localities are different 
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By assuming for the change of stand, or the rise of the river, 
i hypothetical value, the new slope and new mean velocity may 
M computed; from which, in turn, a calculated value of the rise 
nay be obtained. Thus, by a simple system of trial and error, 
he true value of the rise will easily be determined ; and the 
"esolution of involved equations avoided. In a similar manner, 
he depression of level, or the fall of the river, may be ascer- 
Ained, in case any determinate portion of its waters be with- 
Irawn by opening a new outlet 

The treatment of this problem by the authorities generally 
las the advantage over this of being greatly more simple ; but 
it has also the disadvantage of not m the least representing 
oature. 

These statements embrace, in brief, the substance of the con- 
tributions of this valuable report to the advancement of hy- 
draulic science ; and the baais of the new methods of practice 
which its authors have introduced. In estimating the effects of 
beods in the stream, they have adopted the principle of Dubuat, 
derived from observations on the flow of water in pipes, which 
makes the loss of living force proportional to the sum of the 
squares of the sines of the bendmg ; the total amount of curva- 
tore being divided into angles below forty degrees. The agree- 
ment of the results of computation, upon this principle, with 
those of the observations instituted to test its correctness is very 
dofle, and is entii-ely satisfactory. 

Whoever claims to have discovered a new law of nature, or a 
new truth in science, must expect the claim to be subjected to a 
severe scrutiny. This scrutiny will be directed equally to the 
processes by which he professes to have been led to it, and to 
the results which follow from its application in cases where de- 
ductions from it may be tested by direct observation, or by the 
degree of their accordance with other truths already known. 
This has been anticipated by the authors of this report, and 
they have accordindy furnished, in the amplest form, the mate- 
rial for applying either of the tests above suggested. We can 
only indicate in outline the nature of the material, referring 
those who would sift it thoroughly to the report itself. 

Measurements of the daily discharge of the river were con- 
tinuously made for periods of twelve months at Carrolton, Louis- 
iana, of eleven months at Columbus, Kentucky, of ten months at 
Vicksburg, and one and a half months at Natchez. Similar ob- 
servations were made upon the Arkansas at Napoleon, for eleven 
months; and, besides these, many others less protracted were 
made upon the main river and its tributaries and outlets, from 
the Ohio to the Gulf These measurements required the deter- 
mination of the cross-section and mean velocity at each station 
for every day. The cross-sections were determined by soundings 
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made at frequent intervals, in a line at right angles to the stream. 
The place of each sounding was fixed bj observation vrith two 
theooolites, from the extremities of a base-line of from four hun- 
dred to one thousand feet in length, measured upon the baald 
Two independent sections were sounded, two hunared feet apart; 
and soundings repeated on the same lines, at different intervili 
of time, showed that the bed underwent no sensible changea. 
Lines of level were also run up at the banks to points above thB 
highest floods. From these data, with the daily gauffe readings 
showing the stand of the river, the cross«section was known kt 
every day. 

Velocities, both at the surface and beneath it, were ascertained 
by means of floats. In a river of such depth and power as the 
Mississippi, no kind of current-meter, or other contrivance in- 
volving mechanism, is available for sub-surface observations OQ 
velocity. The submerged floats were connected with surface 
floats very much smaller, by meims of cords. The surface floati 
carried small flags which were observed in their transit acroa 
two lines at right angles to the river, two hundred feet apart^ bj 
means of theodolites at the extremities of a base of tne same 
length on the shore. The point in which each float crossed each 
section line was thus fixed. As many observations as possible 
were made at all depths, and these were as equally distributed 
as possible throughout the breadth of the river. The paths of 
the floats were then plotted and grouped, by dividing the entire 
width of the river into spaces or divisions, each two hundred 
feet wide. The mean of the velocities of all the floats in estk 
division was taken as representing the mean velocity of thel 
division. For the shore divisions, when the floats were not weB 
distributed through them, a slight correction was sometimes 
used. These mean velocities were then multiplied by the areas 
of their respective divisions of the cross-section; and the som 
of the products was divided by the area of the entire cross-sec- 
tion, for the mean velocity of the river. 

The process here described was employed in all the observar 
tions of 1851, the first year of the operations of the survey. 
When the work, after a long suspension, was resumed in 18M, 
the floats were all confined to the constant depth of five feet 
below the surfoce. The mean velocities at this depth, multiplied 
into their corresponding division areas, gave a result called 
" approximate discharge," which was reduced to the true dis- 
charge by being multipled into the ratio between the velocity at 
this depth, and the mean velocity in the entire vertical plane 
parallel to the current. This ratio had not been discovered while 
the earlier observations were in progress. 

For the determination of the law of velocities below the 8U^ 
face, elaborate series of observations were made at Carrolton 
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tnd Baton Bou^ by means of floats at different depths, from 
boats anchored m the stream at various distances from the shore. 
All the observed velocities of each set, that is, from each anchor- 
age, were then plotted in carves. Subsequently, for the purpose 
of eliminating errors of observation and accidental irregularities, 
plots were made of the means of selected groups of observations, 
etch group embracing the observations which corresponded to 
nearly equal depths and nearly equal velocities of the river. 
The resulting curves sufficiently indicated the existence of law, 
without clearly betraying its nature. Still another mode of 
combination of observations was resorted to. This consisted in 
forming a grand mean curve by taking the means of all the 
velocities at proportional instead of absolute depths — that is at 
every tenth, every two-tenths of depth, and so on. This was 
done by plotting the mean curves before obtained, on a scale 
which so exaggerated the differences of velocity, as to make 
one-thousandth of a foot an appreciable quantity, and then 
drawing through them parallel lines at each tenth of depth, 
taking the values corresponding to the points of intersection as 
the velocities due to those depths. Each point in this grand 
mean curve was fixed by two hundred and twenty -two observa- 
tions: a number sufficient to obliterate, almost completely, the 
remaining irregularities. Its form suggests the probability that 
it may be one of the conic sections. In order to test this sus- 
picion, and, in case of its truth, to determine to which of the 
conic sections the curve is to be referred, the general equation, 

y2--2Par-fR2jf2 

is assumed ; which is the equation of an ellipse when R' is neg- 
ative, of a hyperbola when it is positive, and of a parabola 
when it is zero. If, in this equation, we give to x and y each two 
determinate values, represented by x„ y^, x,„ y,,^ we may elim- 
inate P, and obtain the value of R* in terms of x,, y^, x„, y„. 
As the equation assumes the origin of coordinates to be at the 
vertex of the curve, the plotted or tabulated velocities are not 
themselves the values of x required. Regarding the curve as a 
graphic representation of the condition of things in a vertical 
plane parallel to the thread of the current, it will be obvious 
tiiat it must present its convexity down-stream; and that its 
vertex will be the point where a tangent is perpendicular to the 
horizon, the axis being in the line of maximum velocity. This 
is at about three-tenths of the depth below the surface. The 
abscissas will then be the differences between the maximum 
velocity and the velocities at other points of the curve; and the 
ordinates will be the distances of those points from the axis, in 
decimals of depth of the river. The values of R^ as computed 
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from these data for every tenth of depth, though never absolutelj 
zero, are always small, and are positive in a part of the curve 
and negative m the rest A mathematically regular curve was 
not to be expected ; but the approach to a parabola is so near as 
to warrant the conclusion that this is the curve according to 
which the differences of velocity are regulated, and according 
to which, therefore, the resistances are distributed through the 
moving mass. 

The equation of the parabola is easily deduced. In the equa- 
tion of the common parabola, if we assume particular valuo^ 
^//} Vni ^o^ ^^^ coordinates, we shall obtain the expression, 

and if an arbitrary increase, =x„ be given to all the abscissas^ 
this will become 



x..^x. _ x..~^x. 



In applying this equation to the observations, x^ is to be te* 
placed by the maximum velocity, and x,^ and y„ by the values of 
those coordinates at the points most distant from the axis. The 
values of x are then to be computed for all the depths at which 
actual observations of velocity have been made. The sums d 
the computed and observed values are then to be compared, and 
their difference, if any, divided by the number of points observed, 
is to be applied as a correction to x, and to all the values of x: 
an operation which amounts to moving the whole curve slightly 
along the axis, without altering its curvature. By varying the 
depth of the axis, or the position of the point x„ y,,^ it may 
easily be found where the closest accordance between the ob- 
servations and the computations can be secured. 

The equation of the grand mean curve of subsurface velocities 
having been obtained by the processes here described, the degree 
of its accuracy may be tested by comparing severally the vsJueB 
of the velocities computed by means of it, for all the points be- 
neath the surface at which velocities were actually observed, with 
the tabulated mean observed values. The comparison as made 
furnishes the following results : The actual maximum velocity 
observed being in feet 3'2611, the greatest difference found be- 
tween any computed and any observed mean value is only '0066, 
and the least is '0006. The sum of all the differences, taken 
without regard to sign, is only '0245, which is less than three- 
tenths of an inch. This test is certainly very satisfactory; but 
it is corroborated by others to be presently mentioned. 

The forms of the parabolas of subsurface velocities at high 
and low water, and at intermediate stages of the river, indicated 
a change of curvature consequent upon a change of mean velo- 
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itj. The next object was to determine the law of change. The 
laU which presented themselves were the high water mean, the 
ow water mean, and the grand mean curves ; to which another 
alight be added by consioering that if the mean velocity of the 
river be made zero, the parabola becomes a straight line. An 
attempt was made to investigate the relation of the parameters 
of these curves; but the data proved to be too limited for the 
purpose. The idea was then conceived of attempting the same 
investigation in regard to the velocities in horizontal planes ; or 
at the surfaoe of the river. Data for this inquiry had been am- 
ply furnished by the observations for daily discharge. These 
oteervations, which were made at a depth of five feet below the 
sur&ce, were grouped according to the even feet of approximate 
mean velocity of the river; and thus were obtained material 
for eight mean curves, corresponding to as many diflferent mean 
velocities. From these was deduced a grand mean curve, as 
in the case of subsurface velocities. The result was a very clear 
disclosure of the parabolic law. 

In proceeding to the study of the law of variation of curva- 
ture, equations were deduced for each of the eight mean curves. 
The reciprocals of the parameters of these parabolas were plotted 
asordinates, the corresponding mean velocities of the river being 
the abscissas — the reciprocal of the parameter of the limiting 
parabola, or straight line, which is zero, indicating that the curve 
intersects the axis of abscissa) at the origin of coordinates. A 
carve resulted which conformed closely to the parabolic law ; and 
thus furnished a general expression for the reciprocal of the 
parameter of any parabola of surface velocities corresponding to 
any given mean velocity of the river. This result was tested 
by applying it to the formation of a general equation for the 
curve of velocities five feet below the surface; and employing 
this equation to recompute the velocities corresponding to the 
eight mean curves which had been used as components in form- 
ing the grand mean. The differences were all small, though 
larger than those in the grand mean subsurface curve; a conse- 

5|Uence probably of the iact that each of these eight curves was 
ounded upon a much more limited series of observations than 
that. A law of parameters having been thus deduced for the 
horizontal curves, the probability naturally suggested itself that 
a similar law governs those of the vertical curves also. Mate- 
rials which are insufficient to reveal the existence of an unknown 
law are often ample for the purpose of testing the fact of its 
existence, after it has been once suspected. We have seen that 
the only materials for a curve of parameters for subsurface 
velocities consisted of four pairs of coordinates. Of these the 
parameter and mean velocity of the grand mean curve were the 
pair best determined, next to those of the straight line, which 
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fixed the intersection of the curve with its axis at the origin of 
coordinates. A parabola, passed through the two points thus 
ascertained, furnished means for constructing a gcnend equation 
of subsurface velocities, similar to the general equation of SQ^ 
face velocities before formed. The general exprepsion for the 
reciprocal of the parameter, in such an equation, is, of course^ 
the ordinate of the parameter curve corresponding to the 
variable mean velocity of the river (v). Or, putting b for the 

parameter of the curve of parameters, and ^ for the ordinate, 



(2^)'=*'' - i==tw* 



The value ofb deduced from the equations of subsurface velod- 
ties, was 0*1856. 

Referring to the equation of the parabola before given, as 
adapted to the case in which the curve intersects the axis at a 
point of which the coordinates are x=X;, y=0, viz: 

Vii 

it will be seen that this value of -rr is the coefficient of y', or 

y// 
the negative value being required by the nature of the case, 
since x^ is the maximum velocity in the vertical curve. Putting 
then Y for the general value of the velocity in the subsurface 
curve, and Vd^ for the particular velocity at the depth d„ which 
denotes the depth of the axis, the general equation of the sub- 
surface velocities is 

where d^^ denotes the distance of the point whose velocity i^ 
Y firom the axis, expressed in decimals of the depth taken as 
unitv. 

This equation was subjected to a very thorough testing, by 
being applied to the mean high water and low water curves, and 
also to otner series of observations not included in the formation 
of those curves, and to observations on the bayous of La Fourcbe 
and Plaquemine. In the mean high water curve, the mean dif- 
erence between the observed and computed velocities, expressed 
in decimals of a foot, was '0074, the maximum velocity in the 
curve being 8'8371 feet. In the mean low water curve, the 
same mean difference amounted to '0127, the maximum velocity 
being 2'2523. This curve was not so well determined as the 
other, yet the mean difference is not a sixth of an inch. In 
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medium-fitage carves, deduced from 52 observations at Cblumbus 
and 20 at Vicksburg, the mean differences were *0066 and '0156 
respectively ; the maximum velocities in the curve being 4*1958 
ana 4'5709. In bayou Plaquemine the mean difference was 086 
on a maximum velocity of 6491; and in bayou La Fourche 
"OOS on a maximum velocity of 3*250. In these two cases, the 
curves are deduced from the results of a single day's observation. 
The same equation was also further tested by being applied 
to the original curves, which had been combined, as above stated, 
on the principle of proportional depths. The correctness of that 
principle of combination had not been quite certain ; but the 
results of this final test left no doubt of its legitimacy. The 
mean discrepancy between the computed and observed veloci- 
ties amounted in only one case to so much as one per cent of 
the maximum velocity in the curve; and in this instance, the 
absolute discrepancy was but a little over an inch. Usually the 
agreement was much nearer. 

But a still more remarkable test of the accuracy of the law of 
parabolic velocities is furnished by a comparison of its results 
with observations made by Capt. Boileau at Metz, upon the flow 
of water in an open wooden trough only about two feet wide 
and one foot deep — ^the depth having been subsequently reduced 
to two-thirds of a foot. In these cases, the velocities observed 
in the vertical curve varied, in the first instance, from below two 
feet to nearly three; and in the second, from about one and a 
ludf to over two feet. The observations are recorded in the one 
ttse at fifteen different depths, and in the other at thirteen. The 
mean discrepancy, between these observations and the results of 
computation for the same points from the parabolic equation 
founded on them, amounted, in decimals of a foot, to only '0330 
and 0243 for the two cases respectively. The largest of these 
mean errors is less than four-tenths of an inch. 

It will be noticed that in all the computations made for the 
subsurface velocity of the Mississippi, in its different stages, and 
for the bayous, one and the same equation was constantly em- 
ployed, viz : 

the value of V^^ being, in each case, taken directly from the ob- 
servations, and V being known by the measurements of discharge. 
In this proceeding it was evidently assumed that 6 is a constant, 
and always equal to 0'1866. The equations derived from 
Boileau's trougn furnished data, not quite exact but nearly so, 
for obtaining a new value of 6. One of the necessary data was 
wanting, which was the value of v, the mean velocity of the 
stream, but as this will not be very far in error if taken at eight- 
tenths of the velocity on the surface, it may be assumed to be 



80 Hydraulics of the Mississippi River. 

well enough known for the purpose in hand. The numerical 
coefficient of df^', in the equation of the parabola, beings then 

divided by the so-assumed value of v , will give the square root 
of the value of b which is sought. This value is found from the 
equation of the trough to be a little above unity. In the equa- 
tion employed in the previous computations, being that which 
had been derived from the grand mean curve of the Mississippi, 
the numerical value of 6, as we have seen, was 0*1856. It 
appeared probable, therefore, that this quantity, that is, the 
parameter of the parabola of parameters, varies inversely as 
some function of the depth. For the sake of further testing the 
truth of this supposition, careful observations were made upon 
a feeder of the (jhesapeake and Ohio Canal near Washington, 
having a depth of 7*1 feet and a width of 23 ; bein^, in these 
dimensions, much smaller than the river, and much larger than 
the trough. The mean maximum velocity observed was a little 
over two feet and a half, and the mean difference between the 
computed velocities for the several points observed and the 
means of the observations themselves at those points was less 
than a quarter of an inch. The equation of the parabola de- 
duced &om the observations gave a value of b equal to 0*58. 
The value of b (or of the parameter of the curve of parameters) 
changes, therefore, very slowly at considerable depths; and is 
practically at its minimum value for rivers when it equals 0*1856. 
The following expression is given as representing the observa- 
tions: 

1-69 
b= -, . 

(D+1-5)* 

in which D denotes the depth of the river. 

It being once established, that the curve of velocities in the 
vertical plane parallel to the stream is a parabola, and the 
equation of the parabola being known, the mean velocity in the 
whole vertical curve is easily deduced. The area representing 
the sum of all the velocities is made up of a rectangle and a 
parabolic segment above the axis, and of another rectangle and 
parabolic segment below. Dividing the sum of these areas by 
the total depth will give the mean velocity required. But the 
dividend in this case is an expression necessarily involving the 
depth of the axis as an element ; and, although this mean depth 
had been found to be nearly constant, the actual depth is observed 
to vary. This variation is apparently dependent on the direction 
and force of the wind. 

In the investigation of the effects of wind-force, the selected 
observations were divided into three classes — those in which the 
wind blew up-stream, those in which it blew down-stream, an4 
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ihose when it either did not blow at all or blew directly across 
the stream. The wind-forces were estimated according to the 
osnal scale of notation, being a calm and 10 a hurricane. For 
the first two classes of observations, the sum of the products of 
the numbers of observations at each point by the force of the 
wind was made out for each, and the difference between the two 
sums, divided by the total number of observations at all the 
points, was presumed to give the eflfective force of the wind. 
Five sets of aeterminations were thus obtained, in each of which 
the number of observations, the depth of the axis, the mean 
velocity of the river, and the resultant force and direction of the 
wind were given. 

If a; be tiie unknown depth of the axis due to a calm, and 
^ ^n ^m ^9 ^^^ observed depths, and if y denote the amount of 
movement of elevation or depression of the axis which would 
be produced by a wind of force 1, we may presume that for 
movements not greater than y the changes will be sensibly pro- 

SDrtional to the force. Also, the weight of the several wind 
eterminations will be proportional to the number of observa- 
tions from which they are deduced. Finally, the legitimate 
e&ct of an up-stream wind will be to depress the axis, and of a 
down-stream wind to raise it Let the resultant wind-forces 
among the data be denoted by//,/;, &c., then the movements 
of the axis will be fy, /y, /,y, &c. Accordingly, we shall 
have 

x±fy=d, x±f,y=:d„ X:^f„y=id,„ &c., 

the negative sign being used when the wind is down-stream, and 
the positive, when it is up. Multiplying both members of each 
of tnese equations by the number of observations from which 
its constants were deduced, and adding the whole, member for 
member, we obtain one equation containing both x and y. 
Bat if we consider that the sum of all the movements of the 
axis, taken without regard to sign, must be equal lo the sum 
of all the diflferences between x and rf, x and d,^ &c., taken 
positively — that is, taking x—d when x is the greater, and d—x 
when d is the greater, we shall, by multiplying once more all 
these differences and the corresponding movements (^,/y, &c.) 
by the numbers of observations to which they respectively be- 
long, and adding the products as before, obtain a second equa- 
tion containing both x and y. From these equations combined, 
both X and y are determined. The deduced value of x is '317 
which is the depth of the axis when the wind force is zero, in 
decimals of the total depth of the river. The deduced value of 
y serves to reduce the observed depths of axis to the position of 
calm. A comparison of the values of x so obtained (which should 
*11 agree with each other, and with the value of x given by the 
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equation) verifies the general correctness of the procedure ; the 
differences found being all very slight 

In these cases, the outstanding force of wind, after balancing 
opposing forces, was never much above 1. Velocity observa- 
tions had, moreover, been found to be impracticable, with a wind 
above 4. The results of the investigation, so far, would hardljr 
therefore justify the assumption that the movement of the axis is 
proportional to the force, for all degrees of force. Data neces- 
sary to set at rest the doubt which here arose seemed to be 
wanting. A happy expedient however presented itself for the 
removal of the aifficulty. The daily "approximate discharges" 
of the river had been computed for each day's observations at 
Columbus, Yicksburg and Natchez, by taking the sum of the 
products of the several division areas by the velocity observed 
in each, five feet below the surface. These discharges, if accu- 
rately determined, would undoubtedly vary continuously; and 
if plotted as ordinates to a curve of which the dates are abscissas^ 
should present a smooth and regularly varying curvature. But 
if the velocity five feet below the surface is aifected by the wind, 
we may expect to see serratures in the curve, forming promi- 
nences when the wind is down-stream, and depressions wnen it 
is up. By examining the curve at the points of serrature, the 
amount in cubic feet of discharge may be estimated, which, by 
being added or subtracted, would restore the regularity of the 
curve. From these data and the wind record, it is easy to see 
that the amount of effect on discharge due to winds of different 
determinate forces, as 1, 2, 3, &;c., may be deduced. This amount 
is found to vary with the mean velocity of the river. 

In applying the principle just indicated to the determination 
of the effect, in raising or depressing the axis, of winds of diffe^ 
ent degrees of force, observations were selected of days when 
the wind record showed the several forces, 1, 2, 3, and 4, up or 
down the river. B^or these days a mean cross-section, a mean 
approximate discharge, a mean depth or radius of the river, a 
mean approximate mean velocity and a mean velocity five feet 
below tne surface, were computed; and also the corresponding 
empirical correction of discharge was deduced from the observa- 
tions of the same days. The unbalanced wind force was deter- 
mined in the same manner as in the former investigation. 

From the mode in which the approximate discharge is com- 
puted, it is evident that — the cross-section remaining the same— 
this discharge may be taken as proportional to the mean velocity 
five feet below the surface. Hence, if the originally computed 
or recorded approximate discharge be increased or diminished 
by the product of the unbalanced force of wind into the empirical 
correction corresponding to that force, the sum or difference will 
be the approximate discharge due to a calm, and may be called 
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the corroded discharge. The truth of the following proposition 
will then be manifest : — As the recorded discharge is to the cor- 
rected discharge, so is the observed mean velocity, five feet below 
the snrface, to the velocity which would have been observed at 
the same depth had it been calm. But, had it been calm, the 
axis would have been at the depth '817. In the general equa* 
tion of velocities, therefore, 

iSdff be put for the distance from the known position of the axis 
to the point five feet below the surface, and the velocity found 
for that point by the last proportion be put for V, there will 
remain only one unknown quantity, which is Yd„ or the maxi- 
mum velocity in the vertical curve. This velocity is therefore 
easily deduc€Kl, and, being substituted in the same equation, will 
enable as to compute the mean velocity in the entire vertical 
plane. For this mean velocity, being derived from the areas of 
the rectangles and parabolic segments, above and below the axis, 
which form the figure bounded by the curve of velocities at one 
end and by a vertical line at the other, the extreme len^h being 
the maximum velocity in the plane, and its breadth the depth 
of the river, is determined wnen the velocities at surface and 
bottom are given along with the maximum velocity and depth. 
The last named velocity is that which was just found; and, by 
the help of this, the equation gives the other two, when the 
proper values of d,„ viz., distance from the axis to the surface 
andf distance from the axis to the bottom, are substituted. 

This operation was performed for each of the wind-forces, 1, 
2, 8, and 4. In each case, the unbalanced wind-force of the 
observations was but a fraction of the total force of the wind at 
the given intensity. It was desirable to know the effect due to 
the entire force; and, in order to arrive at this, it was only 
necessary to reverse the operation. Thus, taking the corrected 
approximate discharge as the discharge due to a calm, and in- 
creasing and diminishing it by the amount of the empirical cor- 
rection corresponding to each wind-force successively, we may 
obtain the hypothetical discharge due to the full wind-force in 
question, down or up the stream. Then the proportion may be 
stated: — As the corrected discharge is to the hypothetical dis- 
charge, so is the velocity in calm, five feet below the surface, to 
the velocity at the same point under the assumed wind force. 
The value so determined mav be substituted for V as before, or 
for U on the left of the more general equation following; which 
differs from the former only in replacing V, the velocity in a par- 
ticular plane, by U which is intended to denote the velocity in 
the mean of all planes parallel to the axis of the river, 

U=Urf,- (6i;)*e/„2=Uj,- (0-1 856t;)*c/„2. 
Am. Joub. Sci. — Second Ssries, Vol. XXXVI, No. 106.— July, 1863. 
5 
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In this equation, JJd, and d,, are both unknown. The eqoatioD 
for mean velocity in the vertical plane contains (as above stated) 
values of U at the surface and at the bottom, both of which are 
expressible, from the equation just given, in terms contaiDiDg 
only the same two unknowns, Ud, and d^,,* There will therefore 
be two independent equations, involving only two unknowns, 
and from these the depth of the axis, on which the values of d„ 
depend, may be determined. 

This determination having been made for the four wind-forces 
independently, the amount of displacement of the axis due to 
each wind-force is ascertained. The result is, that the displace- 
ment is directly proportioned to the wind-force, that it is eqtud 
for the same wind -force in opposite directions, but that it is a 
depression for an up-stream wind and an elevation for a down- 
stream wind. It also appears that the amount of displacement 
is independent of the mean velocity of the river. And although, 
in this investigation, the data for determining the eflfect of each 
wind-force are entirely independent of those for the others, yet 
the results exhibit a remarkably close agreement. As a resah 
of the whole we obtain the following formula which is a general 
expression for the depth of the axis, (denoted by rf„) /repre- 
senting the force of tne wind, and r the radius, or mean depth 
of the river : — 

J,=(0-3l7-fO-06/)r. 

Since the process just described furnishes the means of ex- 
pressing the velocity at the surface or at any depth below it, in 
terms containing all the variables which anect its value, it is 
manifestly practicable to deduce a system of gauging a river in 
which the true discharge shall be obtained from observations act 
one unvarying depth. But, as the ratio of the so observed velo- 
city to the mean velocity is a varying one, no system of gauging 
founded on this method of observation can be relied on, in wnicb 
account is not taken of this variation. 

There is, however, one velocity — the velocity at mid-depth — 
which bears a ratio to the mean velocity in the vertical plane 
which is nearly constant. In order to show the evidence of this, 
we must actually state the equation for this mean velocity to 
which we have several times referred. It will be necessary 
therefore to adopt the following symbols : 

* The symbol d^, has, apparently » two distinct yalues as employed above: — i^ 
being used to stand both for the distance from the axis to the surface, and for th^ 
distance from the axis to the bottom. But, as the depth is known, these are simple 
functions of a single unknown quantity. We have endeavored, in the explanatioi^ 
of the principles of the report, to avoid the introduction of many symbols. W9 
have not therefore, thus far, actually stated the equation for mean velocity in tk^ 
vertical plane above referred to. The system of symbols employed in the report 
is very clear and expressive; but we have chosen to defer an account of it, uotiE 
after completing our outline of principles and processes. 
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Dzrdepth of river. cf=distaDce below the sur&ce (variable). 

<l,=depth of axis (line of maximum velocity in the vertical plane). 

m=r depth of line of mean velocity in the vertical plane. 

Y=velocity at any point in the vertical plane. 

yif^=velocity at the axis, or maximum velocity. 

V^=mean velocity in the vertical plane. 

V^zzvelocity at the surface. Vi>=:velocity at the bottom. 



Then V.D will be the value of an area equal to the two 
rectangles and two parabolic segments concerned in the deter- 
mination of the mean velocity. The truth of the following 
equation is therefore manifest : — 

V.D=4(Vrf, - V,)c?,+V^rf,+f (V^,-. V,) (D .rf,)+Vp(D-rf,). 
Which, reduced, becomes, 

Tike now the general equation for the vertical plane, heretofore 
given, 

and substitute in it the value of d at the surface, =0, and at the 
bottom, =D, and we have the two expressions following: — 

T.=v.-(M*(4)'. T^v.-Mi(5=*)-. 

These values of V^ and V^ being introduced into the expres- 
rion for the value of V^, we shall have, after reduction and 
transposition, 

v.=y.+(».,*(j+«i7B)). 

And substituting this value of Yd, in the foregoing general 
equation for velocity in the vertical plane, there will result after 
rduction, 

v=v.+w*(5!zHD-|£±!^.). 

Divide the identical equation, V^=V^, member for member, , 
by this expression, and we obtain finally the general ratio of the 
velocity at any depth to the mean velocity in the vertical plane, 
viz: 



^ which d, must be replaced by its value as deduced from the 
investigation of the effect of wind-force, in order that all the 
variables may explicitly appear. 



M HydrauUes of the MisiisM^i River. 

If any value could be assigned to ci in this expresnon, which 
should reduce the fraction in brackets to zero, it would follov 
that the depth m (which would then be rf) is independent of tiw 
mean velocity of the river, v. This cannot be aone; but it d 
be made =0, the ratio is greatly simplified, and the equation 
becomes 

Since both D and d, disappear from this expression, the ratio 
of the mid-depth velocity is independent both of the depth of 
the river and of the force of the wind. If the velocities m the 
mean of all vertical planes parallel to the current be represented 
by U instead of V, we shaft have 

in which, in a channel of rectangular cross-section, U« wouM be 
equal to v. In point of fact, for the Mississippi, it is equal to 
•98v, the coefficient remaining sensibly constant Substituting 
this value, the authors of the report have tested the formula, bj 

computing the ratio, 

•93v 

for every even foot of velocity firom 1 to 8, and employing the 
results in the computation of mean velocities from many mid- 
depth velocities actually observed. The observations include a 
number on the Mississippi and the outlet bayous, in dififerent 
stages of the water, and also those made, as before mentioned, 
on the feeder of the Chesapeake and Ohio canal, together with 
others by Messrs. Hennocque and Defontaine on the Khine, and 
finally tnose by Mr. Boileau on his experimental wooden trough. 
The position of the axis, among these data, varied from the 
surface to a point below mid-depth, and the mean velocities 
varied from a foot and a half to more than four feet. The dif- 

V 
ferences between the observed and computed values of ^i 

however, were, for the most part, practically insensible, and in 
the few cases in which this was not true they amounted to 'but 
two or three per cent. 

The near approach to constancy, and equality of the ratio be- 
tween the mid-depth velocity and the mean velocity, is easily 
intelligible when the fact is once detected. The resistances to 
motion proceed from the perimeter; that is, from. the bottom and 
tte surface. The discharge remaining sensibly constant, and, in 
a uniform channel, the cross-section also, whatever retards the 
movement at one surface necessitates an acceleration at the other. 
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An np-siream wind, by diminishing the velocity at the surface, 
ereatee a slight increase of slope ; and this would increase the 
mean velocity of the stream, but for the fact that, as much as 
the new slope would add, the wind destroys, so that the mean 
velocity remains constant What the wind destroys at the sur- 
hce must therefore be compensated at the bottom ; and, as these 
effects are propagated through the mass according to the same 
lavrs as the orainary resistances, the curve of velocities continues 
to be parabolic, but the level of its axis is changed. 

The simplicity of this ratio suggests an improved method of 
gauging streams; but into these practical details it is not im* 

portant that we should enter here. 
We may here conveniently present, in a single group, the 

most important of the formulae which result from the investiga* 

tions of which we have been endeavoring to give an account. 
Those which have not been fully explained, are easily deduci- 

Ue from thoee which have. 

V=V*-(6.)*(^')'. V.=V,,-(6.)*(^)', 

T,=V.+(M*(:y4r2)). 

(f^(0-3 1 7-fO-06/)r. ll«=0-93v. 

Uo=0-03»-f (0-016-0-06/) (6r)* 

Ur=0-93t4.(0-06/- 0-360)(6v)*. 

Ui^0-93iNf [(0-31 7+0-06/)2 - 006/+001 6 j(6i;)i. 

D=0.93.+(^^'-'±^^^^ 



f=[(l-08U4r+0-0026)*-0-0466*j^ 



(7^ b€ eontinutd.) 
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Abt. IV. — Observations on some of the Double SUirs; by Mabu 

Mitchell. 

Thjb instrument with which these observations were made is 
a five-inch equatorial telescope, by Alvan Clark, 

I have not attempted to measure the double stars of a distance 
less thao 2", even where I considered the telescope capable of the 
work, supposing that I should better meet their difficulties after 
longer practice in micrometrical measurements. Previous to 
October, 1861, the observations were made at Nantucket^ ia 
long. 4^ 40™ 25«, and lat. 41° 1' ; since that time they have 
been made at Lynn, and I have called the longitude of my ob- 
servatory 4*» 43™ 44«, the latitude 42*^ 28'. The measurements 
have been made near meridian passage, except in the case of the 
few northern stars. In determming the angles of position, the 
stars have been brought between the parallel threads of the 
micrometer. The powers used have varied firom 75 to 200. 
Other things being the same, the later measurements are the 
more reliable, the skies of Lynn being much clearer than those 
of Nantucket. 

I have taken great pains to notice the colors of the stars be- 
fore my eye was fatigued, and have frequently noticed compara- 
tive colors. The terms yellow, pale yellow, ruddy, &c., are very 
vague ; Sirius, « Geminorum and Capella are called white by 
observers, but they are decidedly unlike in color. If a colo^ 
scale, made from certain stars, could be adopted, to which other 
stars could be referred, the errors of eyes and observers woTild 
be eliminated ; but an analysis of the ray from each star can 
alone decide the question of real likeness. 
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'. V. — On the Flora of the Devonian Period in Northeastern 
merica; by J. W. Dawson, LL.D., F.R.S., Principal of 
!cGill IJniversitj, Montreal/ 

[COMOLUDXD FBOlt TOL. IZXT, P, 819.] 

? the course of the preceding pages, I have endeavored to 
oe points of general geologicaf and botanical interest as thej 
irred ; and it will now be necessary only to mention a few 
inff results, as to the Devonian Flora, which may be deduced 
I the observations above recorded. 

In its general character, the Devonian Flora resembles that 
le Carboniferous Period, in the prevalence of Oymnoaparms 
Cryptogams ; and, with few exceptions, the generic types of 
two periods are the same. Of thirty-two genera to which 
species described in this paper belong, only six can be re- 
led as peculiar to the Devonian Period. &ome genera are, 
ever, relatively much better represented in the Devonian 
I in the Carboniferous deposits, and several Carboniferous 
sra are wanting in the Devonian. 

.Some species which appear early in the Devonian Period 
tinue to its close without entering the Carboniferous ; and 
great majority of the species, even of the Upper Devonian, 
lot reappear in the Carboniferous Period ; but a few species 
;nd from the Upper Devonian into the Lower Carboniferous, 
thus establish a real passage from the earlier to the later 
ra. The connexion thus established between the Upper De* 
ian and the Lower Carboniferous is much less intimate than 
i which subsists between the latter and the true Coal-meas- 
3. Another way of stating this is, that there is a constant 
1 in number of genera and species from the Lower to the 
per Devonian, but that at the close of the Devonian many 
:ies and some genera disappear. In the Lower Carbonifer- 
the Flora is again poor, though retaining some of the Devo- 
1 species; and it goes on increasing up to the period of the 
Idle Coal-measures, and this by the addition of species quite 
inct from those of the Devonian Period. 
. A large part of the difference between the Devonian and 
boniferous Floras is probably related to different geographi- 
conditions. The wide swanripy flats of the Coal reriod do 
seem to have existed in the Devonian era. The land was 
bably less extensive and more of an upland character. On 
other hand, moreover, it is to be observed that, when in the 
Idle Devonian we find beds similar to the underclays of the 
1-measures, they are filled, not with Stigmaria^ but with rhi- 

' Gupied from the Quarterly Journal of the Geological Society, Nov., 1862. 
C. JOUX. 8€I.— SbC05X> 0EKIE8, VoL. XXXVI, No. 106.— JuLT, 186S. 
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zomes oi PsihphyUm ; and it is only in the Upper Devonian 
that we find such stations occupied, as in the Oml-measureSi bj 
SkgiUaria and Calamiies. 

4. Though the area to which this paper relates is jprohablj 
equal to any other in the world in the richness of its Devonian 
Flora, still it is apparent that the conditions were less favorable 
to the preservation of plants than those of the Coal Period. 
The &cts that so large a proportion of the plants occur in mt- 
line beds, and that so many stipes of Ferns occur in deposita 
that have afforded no perfect fronds, show that our knowledge 
of the Devonian Flora is relatively far less complete than oar 
knowledge of that of the Coal-formation. 

6. The Devonian Flora was not of lower grade than that of 
the Coal Period. On the contrary, in the little that we knair 
of it, we find more points of resemblance to the Floras of the 
Mesozoic Period, and of modern tropical and anstral islanda^ 
than in that of the true Coal-formation. We may infer fixm 
this, in connexion with the preceding general statement, that, in 
the progress of discovery, very large and interesting addition! 
will DC made to our knowledge of this Flora, and that we mxj 
possibly also learn something of a land Fauna contemporaneous 
with it 

6. The fades of the Devonian Flora in America is very simi- 
lar to that of the same period in Europe, yet the number of 
identical species does not seem to be so great as in the coal-fields 
of the two continents. This may be connected with the diffB^ 
ent geographical conditions in these two periods; but thefitfts 
are not yet sufficiently numerous to prove this. 

'7. The above general conclusions are not materially different 
from those arrived at by Ooeppert, linger, and Bronn, from i 
consideration of the Devonian Flora of Europe. 



Abt. VI. — Action of Bromine and of Bromhydric Acid on 

Acetate of Ethyl; by J. M. Crafts.' 

Mr. Wurtz proposed to me to seek to obtain fix>m the action 
of bromine on the acetate of ethyl a product of substitution 
represented by the formula* C^H^BrO,, in order to study its 
reaction with the oxvd of silver in the presence of water. The 
treatment with oxya of silver and water, of products of substi- 
tution of bromine and iodine in organic radicals, serves to re* 
place these elements, and consequently the equivalent of bydro* 
gen, whose place they occupy, by the peroxyd of hydrogcD» 

' Communicated to this Journal by the Author. 

* 0=12, Hsl, 0=16. Doubled atomic weights of C and 0. 
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ZQi and is a reaction which of late has attracted the attention 
)f chemists. 

Id the case of the body, C^H^BrO,, which I hoped to obtain 
booi the acetate of ethyl, it was a question of some interest to 
letermine whether this reaction would be represented by the 
kst or the second of the two following equations: 

GlycoL Acetate of snver. 

^ g«g«^%+ Ag,0+H,0=C«ga^O,+C«|»0+ AgBr : 

in other words, whether the bromine had been substituted for 
hydrogen in the radical ethyl or acetyl. 

As chlorine attacks the acetate of ethyl with great energy, 
mi gives a series of products of substitution, commencing, how- 
ever, only with the one containing two equivalents of chlorine, 
C^HfCl^O,, it seemed probable that bromine would act in a 
amilar manner, but with less violence, and that the first product 
of sabetitution, the body G^H^BrO,, might be obtainea if two 
eqiuvalents of bromine for one molecule of acetate of ethyl 
were employed The reaction would be represented by the 
equation: 

AceCete of ethyl. 

C4H,02 4-2Br=C4HyBr02+HBr. 

The reaction of bromine proved, however, to be entirely differ- 
ent from that of chlorine on the acetate of ethyl. No product 
<rf sabstitution was formed, and therefore the question proposed 
above could not be resolved; but the results which I obtained 
in making the experiment possess sufficient interest to induce 
me to puolish them. 

Bromine dissolves in the acetate of ethyl with disengagement 
of heat, and a diminution of the original volume takes place 
tfter the mixture of two liquids has become cool ; but no brom- 
hydric acid is disengaged, and the mixture, even after it has 
been exposed to the diffuse light in the laboratory for several 
weeks, when distilled, passes over mostly between 60° and 80° C, 
and can be separated, by washing with a dilute alkaline solution, 
into bromine and acetate of ethyl unchanged. 

If, however, one molecule of acetate of ethyl and two equiv- 
alents of bromine are heated together in a glass tube sealed by 
imwing the end to a point and melting it with the blast lamp, 
the color of the bromine disappears almost immediately at a 
temperature of 150°, or after twelve to twenty hours at 106°. 
No Dromhydric acid is disengaged on opening the tube, and the 
liquid contains only a small quantity in solution, which is given 
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off in heating it. The liquid obtained from seyeral operations 
in sealed tulles was distill^. About one-half distilled at a tem- 
perature near 45° C. ; the mercury then mounted rapidly to 200°, 
while only a small quantity of an acid liquid passed over;, the 
residue was allowed to cool in the retort. 

The first portion, distilling near 45°, washed with a solution 
of potash and dried over solid hydrate of potash distilled at 
88°*6-39°, and had all the properties of bromid of ethyL An 
analysis gave :■— 

Found. Theory, OfH^Br. 

C = 22-66 - - - 2202 
H = 4-66 - - - 4-69 

The portion that distilled at 45° to 200° consisted mostly of 
acetic and bromacetic acids : when diluted with water it deposited 
only a small quantity of bromid of ethyl, together with a few 
drops of another bromated compound, whose point of ebullition 
was higher, but of which not enough could be obtained to enable 
me to determine its nature. 

The liquid, boiling above 200°, which had been left in the re- 
tort, on cooling was transformed in greater part into a crystal- 
lized solid. The crystals, pressed between folds of filter-paper, 
and then heated to 180° in current of carbonic acid to free them 
from bromhydric acid, possessed the properties of bromacetie 
acid, CjHjBrO,. Their solidifying point was about 46°. A 
determination of bromine gave : — 

Found. Theory. 

Br = 57-60 - - - 67-65 

The portion of the product, boiling above 200°, which did not 
solidify in the retort, was without doubt a mixture of brom- 
acetic and bibromacetic acids; it contained 67 p. c. of bromine, 
while bibromacetic acid contains 73'4. The quantity of this 
latter acid produced in the reaction was small. 

It will be seen from these data that the acetate of ethyl, instead 
of giving a product of substitution with bromine, is decomposed 
by it into bromid of ethyl and bromacetic acid. The chiei reac- 
tion is represented by the equation : — 

Acetate of Ethyl. Bromacetic add. Bromid of EtbjL 

CaHaOQ _^2Br = ^»^^% + C,HjBr 

3 5 

The bibromacetic acid is evidently a secondary product, arising 
from the action of bromine on the bromacetic acid, and it only 
remains to account for the formation of the small quantity oi 
acetic acid which was also observed. Thinking that the forma- 
tion of one might have been dependant upon that of the other, 
that is, that the bromhydric acid set free oy the action of bro- 
i^ine on the bromacetic acid might have reacted upon a portion 
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of the acetate of ethyl to produce bromid of ethyl and acetic acid : 

Acetate or ethyl. Acetic acid. Bromid of etiiyl. 

I waa induced to try by direct experiment whether this latter 
leaction really takes place. 

Acetate of ethyl absorbs, at the ordinary temperature, about 
one and a half times its weight of dry bromhydnc acid gas, but 
disengages it again almost entirely at a temperature near its 
point ofebuUition. If, however, the saturated solution is heated 
to 100^ for half an hour in a sealed tube, complete decomposition 
is effected ; the contents of the tube separate into two layers, the 
upper consisting of bromid of ethyl, and the lower of acetic 
leid, containing enough bromhydric acid in solution to make its 
density greater than that of the bromid of ethyl. Thus the 
loetate is actually decomposed by bromhydric acid in the man- 
ner suggested above. 

There is also another reaction which might have played a 
{Mirt in the one first studied, and have contributed to the forma* 
tbn of acetic acid, namely, that between bromacetic acid and 
the acetate of ethyl. Perkin and Duppa' state that bromacetic 
idd displaces acetic acid from its comoi nations with bases; an 
inalosous reaction might also take place between the former 
and the combinations of acetic acid with alcohol radicals : but 
the absence of broraacetate of ethyl from among my products, 
as well as the following experiment, which shows that this 
double decomposition is only partially effected at a higher tem- 
perature than that employed in the reaction of bromine upon 
the acetate of ethyl, prove that the reaction in question did not 
play any part in the formation of the acetic acid observed above. 
Experiment. — One equivalent of bromacetic acid in crystals, 
toj^etner with an equivalent of acetate of ethyl, was heated in 
a sealed tube to 180° during three hours; at the end of this 
time the greater part of the crystals had disappeared, and, on 
distilling the contents of the tube, besides acetate of ethyl and 
hromacetic acid, a considerable quantity of an acid liquid dis- 
tilling between 100° and 170° was obtained. This liquid was 
diluted with a large quantity of water, and the portion which 
did not dissolve was washed with a very dilute solution of caus- 
tic potash, and dried over chlorid of calcium; it began to distil 
at 80®, at which point a little acetate of ethyl passed over, the 
temperature then rose rapidly, and remained constant between 
the limits, 156° to 158°, while the greater part of the liquid dis- 
tilled. An analysis of this latter portion gave : — 

Found. Theory, C4H,Br02. 

C = 29-35 - - - 28-74 
H = 4-46 - - - 4*19 

' Quart Joum. Chem. 8oe., zi, 22. 
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The boiling point of bromacetate of ethyl is 169^, and its pfop- 
erties correspond with those of the liquid obtained above ; ue 
slight difference in boiling point and composition arisen without 
doubt from traces of acetate which the liquid still contained. 

The portion which dissolved in water was a strong acid; the 
solution, neutralized with carbonate of lead and evaporated over 
sulphuric acid, gave large and well formed crystals, whose fenn 
ana angles, measured with a hand goniometer, corresponded to 
those described by Gerhardt as belonging to acetate of lead. 
The double decomposition which takes place here is represented 
by the equation : — 

Acetate of ethyl. Bromaeetic add. Bromacetate of ethjl. Acatle add. 

CgH^ ^ ^ fl ^ — CaH^ " + H "• 

The decomposition of acetate of ethyl by bromine is analo- 
gous to that which Mr. GraP has observed with anhydrous aoetie 
acid and chlorine : — 

▲nhydrooa acetic add. Chloracetic add. Ctalorld of aeeljl 

q'q'qO + 2C1 = ^»^^^0 + C,H,(X3I 



'2 "3 



and this reaction is another among the many which tend to de- 
monstrate the close analogy existing between the compositioii 
of the ethers and that of the anhydrous acids. 

Paris, March 8, 1868. 



Art. VII. — New Facts and Conclusions respecting the Fossil Foci' 
marks of the Connecticut Valley; by Edwabd Httchcock. 

I HAVE devoted a considerable time during a few years pert 
to the preparation of a Descriptive Catalogue of the Fossil Boot- 
marks in the large collection of Amherst College. Moreover, 
during the past winter (1862-3) I have made a large addition to 
the Cabinet by the purchase of Mr. Roswell Fielas private col- 
lection. Unexjpectedly, many new facts have been brought to 
light, not contained in my ^^Ichnology of New England^^^ published 
by the Government of Massachusetts in 1858, which have a& i 
important bearing on the fundamental principles of this science. 
Though I have been led to give up ten or a dozen of my old 
flpecies of footmarks, I have descrioed over 30 new ones, in ft 
paper lately read by me before the American Academy of Arts 
and Sciences in Boston. But it is the results as to the principled 
of the science contained in that paper, which seem to me of 
most importance, and I venture, without asking leave of th^ 
Academy, to send you a few pages of the latter part of the paper 
for this Journal. The paper is largely illustrated by drawing^ 

* CompUi Eendu9, liv, 670. 
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ud pbotographs, and, should the Society publish it, these I think 
will folly soataiii the conclusions at which I have arrived. 

The oollection of Footmarks at the College, whose examina- 
tkm has led to the following unexpected conclusions, is now 
quite large. I have counted the nuAber of individual tracks 
and found them to be over 20,000 ; but several thousands of 
them are the tracks of insects and small crustaceans. It was, 
however, some of the specimens in the collection purchased the 
past winter, by the generous contributions of the friends of sci- 
ence, that first opened my eyes to the facts detailed below. 

Supposed Mistake as to the number of Phalanges in some of the 
Lithicnnozoa, — It is well known that the nuniber of phalanges 
ttid their order, in the toes of living birds, enable the anatomist 
to distinguish them from other animals, with only a few ex- 
ceptional cases. In four-toed birds it is two in the inner toe, 
three in the second, four in the third, and five in the outer toe, 
and where there are only three toes, the numbers are the same 
as in the three outer toes of the four-toed birds. But since the 
penultimate and ungual phalanges would make only one im- 
pression, we should ex{)ect in the track that the numbers would 
oe one less than above indicated. And such they seemed to be 
to every observer without exception in the three-toed pachydac- 
tyloos Lithichnozoa, viz: two in the inner toe, three in the 
middle and four in the outer toe. This of course was regarded 
as the grand argument to prove them made by birds. 

For some time past my suspicions have been that we have all 
been mistaken as to the true number of phalanges, and when I 
went into an examination I found it even so in respect to the 
outer toe. By looking at the drawings which myseli and others 
have publish^ of these tracks, it will be seen that what we have 
supposed the posterior phalanx, in that toe, lies wholly behind the 
first phalanx of the inner and middle toes, and sometimes also a 
little out of the line of the other parts of the toe. Now by looking 
at the feet of the different species of birds, either in a cabinet or in 
drawings, we shall see that the posterior phalanges in the three 
toes lie nearly abreast of one another, unless it be the middle 
toe where this phalanx is usually a little in advance. This 
posterior impression, behind the outer toe, was not, therefore^ 
xnade by a phalanx, but probablv by a process of the tarso- 
metatarsal bone. We accordingly sometimes find a similar 
posterior impression behind the inner toe, and indeed a thin and 
smaller imprint of this sort shows itself sometimes, as on the 
■ketch on page 782 of my Ichnology, and on figs. 21 and 22 of 
the present paper. 

Tnis fact, I confess, very much unsettled my conviction that 
my of the Lithichnozoa were birds. And they were still farther 
ihaken by the facts I have already detailed respecting that most 
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anomalous animal, the AnomoBpus. The trifid tracks of iti 
hind feet had been mistaken by us all for those of birds. Indeed, 
the number of phalanges in the toes were found without muoh 
doubt to correspond with those of living birds, and also with 
those Lithichnozoa whidh I had regarded as birds. But the 
Anomoepus had been proved without question to be four-footed: 
Are we not forced to the conclusion that all the Lithich&oxoi 
with similar trifid feet must be quadrupeds? 
' Another development as to the Phalanges, — Probably I should 
ere long have come to this conclusion, had not another discovery 
awaited me. Amon^ the new specimens purchased was one very 
beautiful row of thick-toed tnfid tracks, such as we had been 
in the habit of supposing made by birds ; but I have little doubt 
that they were those of an Anomoepus, though no marks of fore 

1. 




feet or tail are seen. I have named it as a new species (the i« 
curvatus) of that genus, though differing but little from the A* 
intermedius already described. On looking at these tracks I was 
surprised to find in the outer toe, four very distinct phalangeal 
impressions besides Hie posterior imprint^ which 1 now look upon 
as made by a heel bone not a phalanx. The sketch annexed 
gives an exact outline of one of these tracks, and on examining 
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Ae remarkable slab of AnoTY^otpus intermedius already described 
in this paper, I found on that, also, evidence that in some cases 
the oater toe had four phalangeal impressions beside the heel 
hone. So far as the Anomoepus is concerned, then, I feel sure 
that we have in its phalangeal impressions the normal number 
and order in the feet of living birds. I was at once led to in- 

Suire whether the same thing might not be true in respect to those 
lick toed Lithichnozoia which I have regarded as birds.^ I have 
iband proof enough to satisfy myself that it is so, and that the 
leaaon the fact has been overlooked is that the penultimate and 
ultimate phalanges (omitting the ungual) rarely made separate 
impressions. But occasional! v I can see a fuint line of demarca* 
tk>n between them. But I had frequently noticed that the length 
of the ultimate phalangeal impression on the outer toe (as a 
reference to the outlines of these tracks in the Ichvology will 
show) was as long as, and sometimes longer than, those which 
preceded it, whereas, so far as I have examined the osteology of 
oirds' feet, they decrease in length toward the extremity. I 
think that generally two phalanges have been mistaken for one, 
in this part of the toe. 

If these are probable conclusions they lead to important 
results. The first is, that if we strike off the posterior impres- 
sion of the outer toe in the thick-toed bird tracks referrea to, 
we shall still have the normal number of phalanges in the feet 
of living birds. But the same thing is proved still more de- 
cidedly in regard to the Anomoepus, which is four-footed. Hence 
the conclusion follows, that in the fossil footmarks birds cannot 
be distinguished from quadrupeds by the number of phalanges. 
This law of correlation among living animals would seem not to 
have been true with the fossil. 

How far do the Protuberances on the feet of animals correspond 
\oith the Phalanges? — This subject could not but engage my 
attention in the progress of these investigations. But not find- 
ing it discussed oy any anatomical author, and being prevented 
by feeble health and winter weather from access to any large 
collection of animals, I have been able to arrive at only unsatis- 
factory results. My examinations have been confined chiefly to 
the feet of birds, and the following facts have been obtained. 
The most important question under consideration is this : — Is it 
the phalanges or the articulations of the toes that njake the 
deepest impression on mud or other plastic material trod upon f 
This will DC determined by finding under which of these parts 
the protuberances are the most prominent If under the pha- 
langes, the number in the toe will be one less than if under the 
trticalations ; that is, if we count, as one of them, the articulation 
with the tarsal or tarso-metatarsal bone. 
Ax. JouB. Sci.— Secomd Skbiks, Vol. XXXVI, No. 106.— Jult, 18CS. 

7 
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The protuberances on the foot of the turkey, both wild aad 
tame, correspond neither with the phalanges nor the articula- 
tions, but are more numerous than either. The same is true 
of the domestic hen. There is a general resemblance, howeyer, 
in this respect, between different individuals of these geneni 

In the jBoianus lentigtnostu, the protuberances seem to oor** 
respond with the articulations, or joints. 

In the Coot, the wings along the toes expand most in the mid* 
die of the phalanges. 

In the Crow, the correspondence seems to be essentially with 
the articulations, judging from some tracks of this bird on clay 
in the cabinet Ibut the Struthionid» have feet more nearly 
resembling the tracks under consideration. And in the I&ea 
Americana or South American Ostrich, although these protube* 
ranees are tolerably distinct on the middle toe, yet the inner and 
outer toes do not show them. A large heel shows itself behind 
the middle toe. 

(Casts of the feet of the aboye bird were exhibited to the 
AcademyV 

These few examples show that there is a great diyersity among 
liying birds in the matter under consideration. Sometimes the 
protuberances correspond with the articulations, sometimes to the 

!)halanges, and sometimes to neither. But I have never found 
eet that would make such distinct and marked tracks, and with 
always the same number of rounded impressions, as did the 
thick toed Lithichnozoa ; and I am still inclined to belieye that 
such was the structure of their feet that their tracks would show 
the number of phalanges rather than of the articulations. It 
could not be the latter, if the views I have presented in this 
paper as to the posterior imprint in the outer toe be correct; for 
that impression is entirely behind the phalanges on all the toea^ 
I could wish, however, that I had time, strength, and opportunity, 
to pursue this subject farther among existing species of animidk 

But, though my researches have been unsatisfactory on the 
particular point above mooted, they seem to me to have settled 
another of much interest. I do find protuberances on the feet 
of birds, especially the tridactyle species, behind the phalanges^ 
such as might well have left those impressions on the tracks 
which we have mistaken for the posterior phalanx. We are 
thus relieved from the necessity of supposing anything peculiar 
Ih the processes of the tarso-metatarsal bone in the fossil animals. 

The Feathered Fossil of Solenfio/en, — The recent discovery of a 
remarkable animal, called by some Griphosaurus, and by others 
Archseopteryx, in the famous lithographic quarries of Sofenhofen 
in Bavaria, throws some light, 1 think, upon the thick toed 
Lithichnozoa, while these reflect some light upon the feathered 
fossil. For it had feathers, yet some of the ablest zoologists 
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Kmounced it a reptile. Others, however, as Pro£ Owen of 
ndoQ and Prof. Dana of New Haven, believe it to have a 
predomiiience of ornithic characters, so as to make it a bird. 
oome important parts of the skeleton are wanting, as the heaTd, 
neck, dorsal vertebra, and sacrum, and the ribs are detached 
aod scattered about The forearm consists of radius and ulna, 
a metacarpal bone, and a few detached small fingers; also two 
8mall slender bones with sharp claws like those on the hind 
foot, which may have been used for clinging, or as weapons of 
offense. 

The lower right limb consists of a femur, tibia, and tarso-meta- 
tarsos, to which one hind toe and three foretoes are articulated, 
the phalanges being one, two, three, and four, though the last 
nnmber is a little aoubtful, on account of the position of the 
outer toe. The toes are all armed with sharp claws. 

The tail is six inches in length and consists of twenty verte- 
brae, of narrow elongated form, diminishing in size to the last 
The feathers of the tail are attached in pairs to each vertebra 
throughout its entire length. 

Now between these characters and those of some of our 
lithichnozoa there are some remarkable analogies or resem- 
blances, so far as I can judge, and which I would now indicate 
^t least such as have arrested my attention, with some of the 
inferences that follow. It is perhaps unexpected that they ally 
the Archaeopteryx rather to the quadrupedal Anomoepus than 
the biped tridactyles in my Ichnology. 

1. In both we have on the hind foot three front toes articulated 
tea stout tarso-metatarsal, and not as in all animals except birds, 
to a tarsus of several bones. This resemblance applies also to 
the biped, thick-toed, tridactyle Lithichnozoa, as well as to the 
Anomoepus, for they must all have had tarso-metatarsals below 
the tibia and fibula, though no impression among the tracks 
indicate any such bone. But we have the most decisive evidence 
that these animals had only three toes, and where in existing 
nature do we find that number articulated with anything but a 
tarso-metatarsal, except a fow cases in the Buminantia and 
Solipedia. 

2. They both had the same number of phalanges in the three 
front toes, though a little doubt remains as to the outer toe of 
the latter. The same number of phalanges existed in biped 
Lithichnozoa so far as we can judge by their tracks. 

8. The posterior extremities of both, as far as the tarsal joint, 
correspond exactly with those of living birds: hence the tracks 
of the hind feet of the Anomoepus, as well as those of the trifid 
Lithichnozoa under consideration, are pronounced at once, on 
first seeing them, to have been made by birds ; and it is only 
when we occasionally see whore the Anomcepus brought its fore^ 
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feet to the ground, that we suspect it could haye been &iir 
footed. 

4. Precisely how much correspondence there may be in the 
aflterior extremities of the two animals we cannot decide. The 
Archseopterjx is thought to have bad but one metacarpal bone, 
and the fingers are so scattered that their number is not giyen, 
but two are described as slender with long claws. The most 
perfect track of the fore-foot of the Anomoepus has five Um, 
the two hindmost showing two phalanges, tne third, four, the 
fourth, three, and the farthest two. The four last toes at lent 
show small claws. The fingers are arranged so as to be &d- 
shaped, all pointing more or less outward, resembling an ex- 
panded wing. But they seem to be genuine fingers, and then 
is no appearance of feathers on any of the 
tracks, on the hind or ibre-feet. The figure 
annexed shows an outline of the most perfect 
track of the fore-foot yet found. 

This certainly looks more like the fore^foot 
of a lizard, and still more like that of some 
mammals, than the forearm of a bird, and it is 
difficult to conceive how it could have been 
used as an organ of flight, though possibly it 
might have been employed for prehension. 
But on the other hand we have conclusive X^ 

evidence that it was not used for walking, ex- ^^ 

cept perhaps occasionally, and imperfectly. The right and left 
anterior feet that made the tracks were placed almost invariablr 
nearly abreast of each other, as if the animal were resting, and 
not in alternation as in walking. But of more than forty steps of 
Anomoepus intermedius^ shown on the remarkable slab described 
in this paper, the fore^feet show themselves only twice, and that 
when the animal rested. Indeed, we may safely assume that 
the principal object of the fore-feet was not locomotion, and the 
same remark is applicable to other species, even the gigantio 
Otozoum. What other purpose in the economy of these animab 
could have been subserved by such a structure, except perhaps 
prehension, I will not attempt to decide. Yet the fact has 
awakened an inquiry whether such a structure may not have 
existed in an animal whose predominant characteristics were 
those of a bird. 

5. But there was a tail, and how shall we reconcile that fad 
with an ornithic character ? It might have been impossible be- 
fore the discovery of the fossil at Solenhofen. But that animal 
had a tail six inches long with twenty vertebrae, and yet the 
most eminent zoologists regard it as a bird. The characters of 
the tail in the Anomoepus are very peculiar, yet there are some 
curious resemblances between its markings on stone and the tail 
of the Archaeopteryx. The traces of the tail of the AnomcepuB 
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have three distinct phases. The largest species left a heart-shaped 
indentation, which was repeated every few inches. Would not 
sach impressions be just what we might expect if this animal 
had such a short blunt tail as the Archteopteryx ? And does it 
not suggest one of the uses of such a tail, viz : to furnish the 
animal with a sort of third hind-foot to help sustain it while it 
might use its fore-feet perhaps for seizing upon objects above 
and around it 

The tail of the Anomospus intfrmedius^ although rarely leaving 
an impression, did sometimes drag along and make a narrow 
continuous trail. This would indicate greater length and perhaps 
tenuity. But how much of attenuation and elongation might be 
consistent with an ornithic type we have no means of knowing. 
Pro£ Dana ppeaks of a posterior elongation of the body as "con- 
nected profoundly with inferiority of grade in the diflFerent types 
of animal life,'' and says, that "it is the very one of all abnor- 
mal features to be looked for in the early birds." 

Upon the whole the singular markings of the tail upon stone, 
with the exception perhaps of J., iniei-medius^ do really suggest 
a curious coincidence between the the caudal extremity of this 
genus and that of the Archaeopteryx. 

Just as I had reached this point in my conclusions, a curious 
development awaited me. In examining some new specimens, a 
angular trail showed itself upon one which I had never before 
noticed ; or if I had seen it, I had not connected it with the 
tracks, but considered it among those inexplicable markings due 
perhaps to water and wind, which so frequently puzzle the stu- 
aent of ichnology. But in this case there is a series of some six 
or seven rather flat and broad grooves, each one or two tenths of 
ao inch wide, and the whole forming a trail more than an inch 
wide, running across the entire specimen, passing over one very 
distinct three-toed narrow-toed track, which is half an inch deep, 
and the grooves show themselves on opposite sides of the foot- 
mark, certainly two thirds of its depth, appearing as if some 
flipper-like appendage had dragged behind the animal, capable 
of easily conforming itself to the irregularities of the surface. 
The fact, that the marks follow the depression of the track, shows 
that they were made subsequent to the track, and suggests at 
once the idea of a broad and singular tail. What a pity it is 
that there is only one track upon the specimen : but so far as I 
can judge, the trail runs in the direction in which the animal 
was moving. 

In these conclusions I should have acquiesced with considera- 
bleconfidence, had I not found, on examining our new specimens, 
M well as others in the cabinet, that we had quite a number with 
rimilar markings, and that the trails in these do not always 
fcUow the line of tracks, but are sometimes on one side of it and 
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sometimes on the other ; now and then on both sides, and then 
crossing the line of tracks, so as to seem to have no connection 
with them. In general, however, it seems as if some flipper^like 
appendage to the posterior part of the animal had been thrown 
out on one side and the other, making sweeps occasionally, so as 
to leave curved trails. The species of track with which thej 
are most usuidW associated is the Anisopiis graciUor^ described in 
the first part of this paper. In this species both hind and fore- 
feet are almost always shown on the stone, and it is quite obvions 
that the flipper-like impressions have no connection with the 
feet They seem also rather large for the tail of so small an 
animal, whose feet are all less than an inch. I have hence been 
sometimes inclined to believe that the trails were made by some 
animals swimming along near the bottom, and occasionallj 
striking and grooving it with its flippers or fins. But my more 
mature conviction is, that they are connected with the tracks. 
But it needs a series of expensive drawings to make the bets 
fully understood without specimens. 

6. But to return to the Anomoepus ; which characters shall we 
now regard as predominating in its structure and movements^ 
those of the bird, or those of the lizard, or of the mammal? 
It is difficult to avoid the conclusion that the ornithic characten 
are the most numerous and striking. It may, after all, have been 
a bird, of so low a grade, however, that, even with its skeleton 
before him, the anatomist would hesitate where to place it, as in 
the case of the Archseopteryx. 

7. This conclusion, to which the facts and reasoning have 
conducted me, not without remaining doubts, would, not long 
since, have appeared very absurd. But, if it could be admitted, 
see what a relief it would give to difficulties. If the Anomoepus 
were a lizard, or marsupial, we must give up that firmly estab- 
lished law of correlation which enables us to distinguish different 
classes of animals by the number and order of phalanges; but 
if it were a bird, that law can still be reckoned upon among the 
fossil as well as living animals. If a bird, we can see also how 
it was that it generally walked upon two feet, although it had 
another pair, to be used perhaps ror several purposes, but rarely 
for locomotion. 

8. If we can presume that the Anomoepus was a bird, it lends 
strong confirmation to another still more important conclusion, 
which is, that all the fourteen species of thick-toed bipeds, which 
1 have de^ribed in the Ichnology^ and in this paper, were birds. 
In this case, if we can retain the law as to the phalanges, all the 
characters of the animal, as made known by their tracks, belong 
to birds, with little variation from the existing bird type. They 
were bipeds unquestionably. Since they are the most abundant 
of the tracks, I have now seen thousands of them, and had fore 
feet existed I am sure they would occasionally have left some 
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e of them, as is the case with every other species of Lithich- 
>a. They had but three toes : at least, if a fourth existed 
ny case, it must have been articulated so high as not to reach 
ground. These three toes are articulated to a tarso-metatar- 
as is the case with nearly all tridactyle animals. They had 
same number of phalanges as the birds, 
'he impressions left by the cushion beneath those processes 
he tarso-metatarsus which form the heel correspond to those 
ch living birds would make, and, so far as I have examined, 
to those of any other class of animals, though my examina* 
IS on this point have been few. The claws and papillae agree 
(ntially with those of birds. Finally, the great length of 
ie in some cases, and the position of the tracks nearly on a 
it line, indicate long legs of wading birds, and not any other 
d of animal. 

(ost of these arguments are good for the ornithic origin of 
se tracks, whatever opinion we may entertain as to the Ano- 
}pus. The only difference is, that, if we regard it as a reptile, 
argument from the number of phalanges must be given up; 
s a bird, thai strong evidence is retained. But even without 
\j I cannot hesitate to reckon the biped thick-toed Lithichno- 
. as birds; for I see no characters in their tracks that ally 
m to any other animals. I must consider them not only as 
ds, but as forming a quite perfect type of birds for sandstone 
rs. The analogies taught us by palaeontology (see Prof. Dana's 
)ended letter) would lead us to expect also in the same period 
)wer group of birds, and these may have been the ArchaBop- 
yx and perhaps the Anomoepus, with some other genera of 
hichnozoa which I might name. 

9ow then could I avoid the conclusion that these animals 
re birds? Doubtless with some peculiarities of structure, 
nging them into the ^^comprehensive iypes*^ of Dana, but still 
ndedly birds. When I began this paper, and ascertained that 
had probably made a mistake as to the number of phalanges, 
elt as if this opinion, which I have always maintained, was 
ioming doubtful. But new examinations brought new facts 
light, and the history of the Solenhofen fossil added others, 
tu it appears to me we may now with more confidence than 
er maintain the avian^ character of these animals. It is cer- 
nly gratifying even to seem to touch soundings, after having 
en so much tossed on the sea of difficulty, and I cannot but 
•pe that subsequent researches will show that we have not cast 
chor merely in quicksand. 

Prof, Dana^s Views, — Having occasion while engaged in the 
vestigations detailed in the preceding paper to write a letter on 
isiness to Prof J. D. Dana, 1 mentioned some of the results to 

' A new and much needed word used by Professor Richard Owen in a recent 
ter, and which I Tenture to introduce into print 
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which my mind was coming. His reply contained too much good 
reasoning and important suggestions to be lost, and I ventare^ 
without his leave, but trusting he will excuse me, to annex his 
remarks to this paper. 

•« New HaTen, Feb. 7tli, 1811 

My Dear Sir: — Your new results from recent researches amoDff 
the tracks of the Connecticut valley are of great interest, and I 
should be glad to put your conclusions, when you are ready witli 
them, iu the Journal. I am satisfied that we cannot infer the 
form and character of the earliest birds from those of the preseot 
day. The early type is evidently one of the mixed types ('com- 
prehensive/ as I have called them) which diverged widely from 
the normal type — just in fact as the Ganoids diverge from the 
Ctenoids and Cycloids — the Marsupial from ordinary Mammab 
— and Amphibians (or Batrachians) from true Reptiles. You 
know that in the class of Mammals the Marsupials are semi' 
oviparous^ or intermediate between the true viviparous mammals 
and the oviparous birds and reptiles. So again the Amphibians 
arc intermediate between true reptiles and fishes, having gills 
when young like fishes, etc. Now by the recent discover 
of the feathered fossil of Solenhofen, we have a corresponding 
inferior division of birds intermediate between birds and reptiles 
Thus each class has its great typical group and its inferior ab- 
normal group, related to the class next below. This being so^ 
wide divergencies of form in the abnormal group are to be 
looked for. 

There is another principle bearing on this subject — ihcremaih 
able harmony among the types of any era through the past agei. 
Thus the coal plants are made up mainly (1) of the highest 
Cryptogams, that is, the Acrogens, of which the Fern is the typi- 
cal group, (2) the lowest Phienogams, the Conifers, and (3) inlc^ 
mediate (or comprehensive) types in each class, Lepidodendraof 
the Lycopodium tribe, a type coniferous in habit, and Sigillariao 
of the Phoenogams, also intermediate between Conifers (in the 
Oymnosperms) and ibe Lepidodendra. By such an assemblage^ 
the flora was rendered remarkably harmonious. Had the pro- 
gress of life consisted in an advance of Cryptogams to Mosses, 
along with the introduction of Conifers, it would have been iar 
otherwise. 

Again, (1) the Reptilian fishes (Ganoids), (2) and (8) fish-like 
higher Reptilians (Marsh's Eosaurus) made up a harmonious 
assemblage of attinud life in the Carboniferous age. Again, the 
semi-oviparous Mammals (Marsupials) along with oviparous 
Reptiles, &c., were in harmony with one another; and if true 
non-marsupial Insectivores appeared also, it ^^as still in harmo- 
ny ; for the Marsupials were mainly Insectivores: moreover the 
former were prophetic of the higher development of the Mam- 
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class. Now, if, along with the semi-oviparons Mammals 
1 swimming, crawling, and flying BeptUes, there were Reptilian 
rda, waders and others, the harmony would be only the mora 
aaplete. The presence of the same number of phalanges in 
-ds and reptiles would be not at all improbable — certainly no 
BIS for an argument against the birds." 
In another business letter of Feb. 14th, I find the following : 
" The strongest argument for the ornithic character of the 
ithered fossils are, (1) that the animal had feathers: for the idea 
at they were not true feathers is a mere supposition without 
ij fiusts to sustain it : (2.) That the expanse of the wina wa$ 
ade by feathera on a ahort arm^ and not as in the Pterodfactyl 
r an expanse of the skin supported by an elongated finger, 
he structure of the foot in the Pterodactyl also shows that the 
limal had no close relation to the Birds. The world will have 
lally to settle down to the belief that there were Beptilian 
irds in ancient times, as well as Ichthyoid Beptiles and Ooticoid 
!ammal& This is my strong persuasion." 

Ancient, Mass., Maj, 1868. 

(hrrteHon for part of edition. — On the preceding page,,in the laat {Miragraph, 
Ur (2), the worci Amphibians should be inserted. 



Lbt. TDI.—On ffydrastine ; by F. Mahla, Ph.D., Chicago, HI. 

Hybrastink was detected by Durand, in Philadelphia, as early 
ift 1851, who noticed its alkaline nature, but did not succeed in 
[mMtring it in a pure state. 

It is contained m Hydrastis Canadensis, in which it is associated 
with berberine. Mr. J. D. Perrins, of Worcester in England, first 
separated it from this plant in pure form, and descnbed some 
(H its properties, but did not institute an elementary analysis. 
At thet ime of Mr. Perrins' investigations, I had, promptea by 
the remarks of Prof. Procter of Philadelphia, also prepared pure 
kydrastine, and intended to analyze it; seeing, however, that 
Mr. Perrins had promised to study its composition, I did not con- 
tinue my investigations. After the lapse of more than a year, I 
do not any longer hesitate to finish my researches, and take the 
liberty to publish herewith the results. 

Hydrastme may be obtained by adding aqua-ammonia in slight 
ttceas to the liquid from whicn the berberine has been previ- 
ously separated oy an addition of chlorhydric acid. The pre- 
apitate, obtained under these circumstances, is collected on a 
auico filter, freed by expression from water, and mixed with 
trong alcohol, in which it easily dissolves by application of heat. 
)n cooling, the hydrastine crystallizes readily, and may be pu- 

Ax. Joux. SCL— SacoKB Sbruu, Vol. XXXVI, No. 106.— July, 1868. 
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rifled from adhering oolorinff matter by rediasolTing and recrj 
tallizing it Bcveral times witn alcohol. 

Hjdrastine crystallizes in forms which belong to tbe rigl 
prismatic system. They are combinations ot the longitoduu 
with the vertical prism, in which the planes of tbe first mei 
tioned form are prevailing. It is perfectly white, and its crysta 
exhibit great brilliancy. Hydrastine in the pure state is tasti 
less ; its salts, however, have a bitter, heating, acrid taste. 1 
melts like a resin, when heated to 185° C. ; it decomposes at 
higher temperature with emission of yellowish vapors, the ode 
of which resembles that of carbolic acid. Whea heated on plati 
Bum foil, it readily takes fire and burns with a smoky flame. 

Hydrastine is insoluble in water; it dissolves, however, ii 
alcohol and in ether. It is not affected by a dilute solution o 
caustic potassa, even if boiled with it for a prolonged period 
Concentrated nitric acid does not at first act on it, but diaaolfa 
it afterwards with a red color. 

Hydrastine dissolves in cold concentrated sulphuric acid, tnd 
imparts to it a yellowish tint; this mixture when slishtl} 
warmed, assumes a red color ; bichromate of potassa proanoa 
with it a dark brown coloration, which is distin<k, however, bom 
the strychnia reaction, in as &r as it does not show any blue or 
violet shades. 

It dissolves readily in diluted hydrochloric acid; ammooia 
and caustic potassa produce in this solution white precipitatea 
which are insoluble in an excess of the reagent ; ferrocyanid m 
iodid of potassium generate also white deposits ; iodine dissolved 
in a solution of iodid of potassium produces a cinnamon brown 
precipitate, which, when heated witn the liquid in which it ifl 
suspended, contracts readily to a resinous mass. 

Bichlorid of platinum precipitates the solution of muriate ot 
hydrastine with a yellowish red, chromate of potassa with a yel- 
low, color. This latter precipitate dissolves when heated witb 
the liquid, in which it is suspended, but separates again on cod- 
ing ; before dissolving, it assumes, in the liquid, the appearance 
of a melted resin. 

Terchlorid of gold produces in the solution of muriate of hy- 
drastine a reddish-yellow precipitate, which also contracts in tne 
liquid on application of heat, and looks like melted resin ; it how* 
ever finally dissolves. Sesquichlorid of iron produces no change. 

In order to subject the hydrastine to an elementary analysis 
it was desiccated at a temperature of 100® C. until it ceased t( 
diminish in weight. 

The analysis itself yielded the following results : 

I. 0*5013 hydrastine, burned with oxyd of copper, gave 
1*2260 carbonic acid, and 
0-27 12 water. 
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n. 0*50S5 hydrastine, burned with oxyd of copper, gave 
1*2377 carbonic acid, and 
0*8608 water. 

in. 0*4469 hjdrastine, burned with soda-lime for nitrogen-determina* 

tioa, gave 
0*2727 ammonio-chlorid of platinum. 

IV. 0*5904 hydrastine, burned with soda-lime, gate 
0*3542 ammonio-chlond of platinum. 

These results lead to the following percentage composition: 

I. II. III. nr. 

C == 66*696 66-379 

H = 6*010 5*698 

N = 3*832 3*767 

In order to determine the formula of the alkaloid, I selected 
the platinum double salt, prepared by precipitating the hydro- 
chlorate of hydrastine with chlorid of platinum, and the hydro- 
chlorate itselt 

The chloroplatinate of hydrastine is an amorphous reddish- 
yellow powder, which is slightly soluble in water, better, how* 
ever, in aloohoL When its alcoholic solution is boiled for some 
time, the platinum separates in the form of a black powder. 
The liquio, in which this deposit forms, has a remarkable blue 
flooresoence. 

Chloroplatinate of hydrastine fuses, when heated to little 
tbo?e 100^ C. ; it decomposes readily when heated higher. 

1*0079 chloroplatinate of hydrastine, desiccated at 100^ C, gave on 

careful ignition 
0*1630 platinum. 

This corresponds to 1617 p. c. platinum. 

The chlorhydrate of hydrastine is obtained by dissolying pure 
hydrastine in diluted chlorhydric acid. The solution obtained 
is evaporated over the water-bath to dryness. It then forms 
a gam-like white substance, which can he readily powdered. 
It is easily soluble in water and alcohol. Its aqueous solution 
ius a strong blue fluorescence. It is uncrystallizable. 

In order to determine the proportion of chlorhydric acid, 
which is in combination with the hydrastine, I dried the pow- 
dered salt for a long time at a temperature of 100^ C, and then 
precipitated its aqueous solution with nitrate of silver : 

0*7258 hydrochlorate of hydrastine gave 
0*2419 chlorid of silver. 

This amount corresponds to 8'46 p. c. of chlorhydric acid. 

From these results, I calculate C.^Hj^NO,, as the formula 
and equivalent for hydrastine. Inaeed, if we figure the per- 
centile composition of a body with this formula, and compare 
it with the obtained data, we find that they agree well : 
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Hydrastine = O^^H.^NO,, in 100 parts: 

Carbon, = 66*696 66*879 66333 

Hydrogen, = 6010 6*700 6*030 

Nitrogen, = 3*832 3*767 3*617 

Oxygen, =z 23*462 24*154 24*118 

The chloroplatinate of hydrastine, C ^ ^ H , , NO , , ,HC1 4-PtC 
reauires in 100 parts 16*82 p. o. platinum ; I found 16*17 p. ( 

The chlorhydrate of hydrastine =C,-H,,NO,„ HCl, c 
tains, according to its formula, 8*84 p. c. chlorhydric acid, w) 
I found 8*46 p. c. 

Chiciigo, HI, March 81, 1868. 



Art. el — Description of a Photometer ; by Prof. O. N. Boo 

Dove, a short time ago, proposed a photometer, consist 
essentially of a compound microscope provided with a mi( 
copic photograph, the latter being used as a " screen," and il 
minated from Doth sides, in such a way that when the comp 
sation had been reached, the photograpn was rendered in visit) 
In the construction of the instrument at present described 
have availed myself of this general mode of comparison, ( 
carding however the microscope and photograph, and supply 
their place in a more simple, and, for many purposes, in an 
least equally efficient manner. 

The instrument consists of a board from 50 to 100 inches 
length and 12 inches wide ; a slide at S supports a small la 
or standard candle ; the slide can i. 

be moved towards or away from 
the screen P by a light rod H; 
the screen, reckoning from L, is 
composed of four parts, disposed 
thus: 1st, a glass plate is coated ^ 
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with a collodion sensitized with iodid of potassium and of 
variety called adherent; this is immersed in a solution of niti 
of silver, just as though it was to be used for the receptiot 
the camera image ; it is then exposed to broad daylight for 1 
minutes, and developed by sulphate of iron, washed and dr 
By this operation a dense and absolutely opaque deposit of sil 
is produced in the substance of the collodion. The collod 
film is then removed from one spot J an inch square ; this 
be done neatly and completely by the use of a needle, great ( 
being taken to leave the edges of the little square sharp 
clean. The observations are made by means of this spot, ao 
of course is to be located in the axis of the instrument, 
account of the uniformity of the appearance of this plate 

' Poffg, AnnmUm, Band cxiv, page 146. 
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^ted light, and the sadden, sharp transition from the thin 
ue edges of the film to the clear glass, the screen is, I sup- 
better adapted for use than any which has yet beenpro- 
gL The collodion side of the glass plate is turned towards L. 
- Next in order comes a piece of blackened card board of 
aame size with plate No. 1: this is provided with an aper- 
corresponding with, and somewhat larger than, the exposed 
on of the collodion plate. 

.• Then follow two thin finely ground glass plates of the 
( size with No. 1, the ground surfaces facing towards L. A 
e plate of ground glass can be used, but with two plates the 
lination of the square spot is much more uniform and even : 
her words, by the use of two plates all idea of the ground 
I texture is removed, and nothing is seen but a square patch 
ght 

¥0 small lamps or standard candles are placed about as in- 
ed at L. The construction of the lamps is the same with 
5 used by Potter, (Physical Optics, page 112,) in his photo- 
ic expenments, consisting, viz : of shallow cups filled with 
vhich support little metallic bridges, formed of thin plates 
letal perforated with four holes, through two of which small 
3 are drawn, the others supplying air. When properlv ar- 
ed these lamps will give a pretty uniform light for thirty 
ites together ; but though by no means furnishing a truly 
tant illumination, yet the variation is almost always gradual 
steady, a point of ffreat importance, for this being the case, 
easy to make the observations in such a manner as nearly 
xclude errors from this source, as will presently be shown, 
he movable lamp is provided with a vernier, and a scale 
ded into inches and tenths extends from that ground glass 
ace next to the collodion plate along the entire length or the 
rd. At L is a shade to protect the eyes while observing ; 
has an aperture one inch square placed in the axis of the 
rument. The photometer, when arranged as above described, 
eculiarly adapted to measure the amount of light transmitted 
)lates of colorless or colored substances, as well as the amount 
ight reflected from polished or unpolished plane surfaces at 
0U3 ancles of incidence. For these uses it was expressly 
trived, but at the same time it is plain that by modification 
m be adapted to other purposes. 

fode of using the instrument. — The three lamps, after being 
ted, are allowed to burn for twenty or thirty j. 

utes, till their light has become steady, then \ 

centre of the flame of the slide lamp is made j^ 

oincide with the vernier by using the arrange- 
,t seen in fig. 2 ; this is constructed of wood 
all its angles are right angles. The vernier 
g placed at H, the eye is brought opposite the dotted line 
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in such a way that the surface of the upright is reduced aptMU^ 
ently to a line, when the lamp is movea on the slide till this line 
bisects the flame. The slide is then placed about as distant from 
the screen as maj be desired and, compensation approximately 
effected, by moving the pair of lamps at L away from or towardis 
the collodion surface. If these are brought too near the screen, 
the 8<]^uare spot will appear dark on a light ground; if too&r 
off, light on a dark ground. The final compensation is made 
by moving the slide lamp S; this takes place when the spot 
becomes invisible. In the first experiments, instead of a^xiv', a 
single lamp was used, and owing to this the spot never became 
entirely invisible ; one half was always faintly lighter than Ae 
adjacent ground, the other half darker ; this was owing to the 
slight difference in the distances of the sides of the square fi*om 
the lamp, and may be adduced as a proof of the delicacy of the 
photometer. The observer then reads off on the scale the dis- 
tance of the slide lamp from the ground glass surface next to 
the collodion plate, the white page of the note book reflecting 
sufficient light for the purpose. Supposing it is desired, for ex- 
ample, to measure the amount of light transmitted by a plate of 
polished glass at a perpendicular incidence, the plate is placed 
at P, when it will be found necessary to bring the slide lamp 
nearer in order to effect compensation. The amount of li^ht 
transmitted is then at once calculated by the law that '* the in- i 
tensities which measure the values of the illuminating powen ! 
are directly as the squares of the distances from the screen*" | 

My mode of work, in all cases, has been to alternate the ol)8e^ 
vations, reading off first the distance of the free flame ; 2d, that 
found with the plate of glass under experiment; 8d, free fliame; 
4th, plate of glass, &;c. ; and as the variations in the brightness 
of the lamps are generally slow and steady, by this mode, the 
error from this source is very greatly reduced. 

Dove considers this form or photometer the only one which 
is capable of comparing the intensity of two masses of light 
having different colors ; the degree of accuracy attainable itt 
this (firection can be judged of by the experiments detailed 
below. As the square spot will in such cases be differently 
<X)lored from the ground, it always remains plainly visible, but 
there is a moment when the edges of this spot, to a great extent, 
disappear, and it seems to blend softly into the white ground. 
This 1 assume to take place when the illuminations are exactly 
balanced, and have accordingly employed it as the test in my 
-experiments on colored media. Though the determinations 
with colored light are on the whole pretty satisfactory, still they 
by no means reach the accuracy easily attained when the two 
masses of light are similar in tint. With regard to the follow- 
ing observations, it may be remarked, that those made with col* 
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light show fdlly the degree of accuracj that can be attained 
B direction with the photometer, the experiments, as far as 
extend, bein^ made with much care, though in such a way 
3ach reading is entirely independent of the preceding, and 
xercised no influence on that which follows. 

measure the amount of light reflected from a polished sur- 
I have used a plan not unlike that employed by Potter;* 
lide, in the place of the lamp, carries the polished plate in 
)right position and supported in such a way 
it can be rotated on its axis and adjusted 
jrly. Its axis corresponds with the centre of 
ided quadrant by which the incidence of the 
an be measured. I is a shade to prevent the 
from reaching the screen. The vernier is 
to correspond with the perpendicular axis 
e mirror, and of course tne distance of the lamp's flame 
the mirror's axis is always to be added to the reading ob* 
1. By removing the shade I, and placing it so as to pro- 
he mirror from light, the direct lignt of the lamp falls on 
(creen. As the lamp stands then a little obliquely, the 
; error thus introduced must be allowed for, or, what is 
r, the lamp and mirror may be placed on either side o^ 
It equal distances from, the axis oi the photometer. 
Df. Silliman, Jr., pointed out to me some weeks ago, that 
. errors might be introduced by reflection from the walls of 
oom. This is guarded against by the use of several black- 
shades properly disposed about the instrument, or by ex- 
lenting in a room with blackened walls, as is usual in de- 
ining the photometric power of illuminating gas. 
^termination of the amount of light transmitted by a plate 
Jorless, polished crown glass y'^th of an inch thick : 

Flame free. With plate. 

20*7 inches. lO'Oo inches. 

20-85 " 19-9 " 

20-8 ** 19-9 " 

rant of light transmitted, 91*09 per cent 

^termination of the amount of light transmitted by a plate 
)lorle88 glass, finely ground on one side, rVth inch thick: 

Flame free. With fround glaaa. 

20'2 inches. 13*1 inches. 

20-35 " 12-8 " 

13-1 " 

13-05 ** 

rant of light transmitted, 41 '18 per cent. 

' Physical Optics, p. 112. 
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Determination of the amoant of light transmitted by one plate 
of polished orange colored glass, yV^li ^^<^^ tinck : 



No. 1. 


No. 2. 


No. 8. 


Flame free. Orange flaaa. 


Flame free. 


6rance glaas. 
16-60 


Fluuefree. 


OraageglaM 


28-06 


16-60 


22-10 


22-2 


16*40 


22-60 


16-80 


22-20 


16-76 


22*2 


16-65 


22-60 


15-40 


22-40 


16-40 


21-16 


1610 


22-64 


16-80 


22-60 


16-60 


21-8 


16-00 


2216 


16-66 


21-90 


16-60 


21-2 


14-8 


2286 


16*60 










Amount uf light 










transmitted, 47*46 


48-74 1 


48*42 per oat 



Determination of the amoant of light transmitted by a plate 
of deeply colored red glass, jV^^ ^^ ^^ i^^^ thick : 



Flame free. 


Red f laaa. 


Flame free. 


Red glaas. 


Flame free. 


RedflMa. 


21-6 
21- 
22* 
22- 


7*8 
6-8 
7*2 
6-7 
6-7 


21-10 
21-16 
21-40 


6-7 
6-6 
6-9 
6-8 
6-6 


20-9 
20-2 


6*6 
6-7 
7-0 
6-2 


Light transmitted, 10H)8 


10 


•06 


10*86 per cent 



Peace Dale. B. L, May 7tb, 1868. 



Art. X.— On AeroliticSy and (he fall of Stones at BiUsura, Iniia^ 

May, 1861 ; by K S. Maskelynk.* 

The branch of science that treats of Meteorites has acquired 
sufficient importance to justify our giving it a special name, and 
I therefore propose for it the denomination with which this article 
is headed. Many reasons conspire to render this study of "aero- 
litics '' one of increasing interest, and to make it highly desirable 
that collections of meteorites should exist to illustrate it, as com- 
plete as possible, not only in the numbers of the different falls 
they represent, but also as regards the modes in which the speei' 
mens are prepared for exhibition. These remarkable bodies 
will always command a general interest, from the fact that ia 
them we see matter foreign in its origin and history to our own 
world, and handle, in them, the only tangible substances that be- 
long to the space beyond our atmosphere. But the special inte^ 
est attaching to a collection of them^arises from the fact that, 
while they exhibit features of marked similarity, they withal, both 

' Extracted from an article entitled Mineralogical Nates, hj Professor Maskxltvi 
and Doctor Vicrua tu.n Lano, (ot the British Museum) in the L. £. A D. Phil. Magn 
No. 165. 
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B legardfl their constitnent minerals, and the manner in whieh 
hoae minerals are mixed with each other, possess almost every 
»ne of them a very distinct individuality. Moreover, every daj 
hat the collection of specimens representing the older meteonc 
alls is deferred, adds to the difficulty of forming a complete se- 
les of them. It was on these accounts that the small but valu* 
kble collection that three years ago existed in the British Muse- 
im, has since that period been very largely increased. Towards 
he farthering of this object, most valuable assistance has been 
"endered by Governors of Colonies and Indian Presidencies, who 
lave exerted their authority with a liberality that has been in 
>ne case, indeed, rivalled by the patriotism of a valuable and 
earned body, the Asiatic Society of Calcutta. The result of 
;his, and of the considerable acquisitions made by purchase, has 
Deen that the aerolitic collection, which is an appanage to the 
M[ineral Department in the British Museum, has now risen in 
point of material into the foremost place among such collections 
m the world.* 

To accumulate so great a material is, however, but one step 
u>wards the end which should be held in view in the formation 
df a scientific collection. The next step consists in making that 
Diaterial available for the use of science, partly by a proper prep- 
aration and exhibition of the specimens, partly by a complete 
description of them. I propose in this and subsequent papers 
to contribute something towards the last of these objects. 

Yet, when one approaches the subject with a view to undertake 
investigations in it, one cannot help feeling some disappointment, 
u well at the incompleteness of the chemical results that have 
been hitherto obtained, as at the unsatisfactory position of our 
knowledge concerning the origin and the sources of meteorites, 
^.erolitical science has to deal with the circumstances that attend 
he &11 of a meteorite, no less than with its mechanical condition 
md its chemical composition ; and from the data thus acquired 
t has to arrive at conclusions regarding the origin, the motion, 
ind the cosmical relations of the foreign matter that thus wanders 
IS it were into the atmosphere of our earth. 

The general literature of the subject is becoming very consid- 
irable. Besides the tables and reasearches published by Mr. 

* J&ierj great coUection has its own characteristic merits. If I may speak of 
hat ID the British Museum as the richest in material, taking the mass of the speci' 
aeoa as weU as tlieir numbers into consideration, it is with cordial pleasure that I 
xp r tm the hifl^hest admiration and respect for what I will not call a rival collection 
t VieoDA. That collection is a classical one. Its specimens have been gradually 
ollected. weU described, and admirably exhibited. That aerolitics exists at all as 

seiratific subject is probably due to the existence of, and the care bestowed on, 
uit collection. In the cause of science it is to be hoped that persons in authority 
I Vieona may not feel any jealousy of the rising collection in London, but may be 
mdy to •zchange, to the mutual advanatge of lx>th collections, duplicate specimena 
f aerolites not common to the two. 

JouB. ScL— SicosTD Skscbs, Vol. XXXVI, No. 100.— JULT, 1863. 
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Qreg in oar own oonntry, and besides many papers of Baron 
Beichenbach in Poggendorff's AnnaUn^ Hofrath Haidinger haa^ 
by his active pen and energetio mind, contributed, in Austria^ 
perhaps more valuable notices on the &I1 of meteorites than all 
other living authors ; and Dr. J. Lawrence Smith, as well as Pro£ 
Silliman, by their accurate collection of facts and by their own 
investigations as chemists, have done much for the subject in 
America, where also the vigilant activity of Prof. Shepard has 
been conspicuous in collecting and distributing the specimens 
themselves. 

The more special and exact literature, that, namely, which de- 
tails the work done on meteorites in the laboratory, carries the 
names of the best inorganic analysts of this century, including 
those of Bose, Wohler, and Bammelsberg. But if the progreei 
thus far made in either the general or the special parts of the sab- 
ject is not very large, it is at any rate enough to convince us thit 
we see with tolerable clearness the questions to which we have 
to seek answers, and what are the cardinal points of interest raised 
by the presence of a meteorite on our glooe, and by the circum- 
stances attending its advent to it. 

The chemical methods adopted for the analysis of a meteorite 
are probably unsatisfactory to every chemist who has employed 
them. The separation oi the olivinoid and soluble felspathio 
from the insoluole felspathic, auntie, and other constituents, by 
the action of an acid, is necessarily incomplete; and the assign* 
ment of even empirical formulas for the augitoid and felspathic 
ingredients is no less unsatisfactory. Yet in many meteorites it 
seems very diflScult to conceive any better direct mode of opera- 
tion. The intimate manner in which the different minerals are 
sometimes mingled, in what I may call a microscopic breccia, 
building the structure of the minute spherules in some of those 
belonging to the large group to whicn G. Bose has given the 
happy name of chondritic meteorites, and the excessive subdi- 
vision of the nickel-iron which in infinitesimal spangles is dissem- 
inated alike through homogeneous spherules and through those 
which present this brecciated character, — these facts, which the 
microscope alone reveals, seem to bar the chemist from any com- 
plete mechanical separation of the ingredients of many meteo^ 
ites, whether hy the agency of a magnet, or by that of the selec- 
tion by the eye and hand, of distinct homogeneous particles.* 
Still there are cases in which analysis is possible ; in some mete- 

' Probably it would be found practicable to determine the iron indirectly by tbi 
estimation of the hydrogen developed by the treatment of the aerolite with woA^ 
under conditions convenient for collecting that gas. The sulphuretted hydrogcD 
mig^t be e«limated at the same time ; and even if it were all calculated as enunir 
ting from meteoric pyrites, the ultimate error in the analynii* would be leea than ^ 
a method in which the entire separation of the metallic iron is generally imposiiblif 
and the estij nation of ferrous ozyd therefore as often too high. 
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orites, as in that of Parnallee, the minerals are tolerably isolated 
from each other ; and the &ct, that the chemist, in dealing with 
such meteorites as those of Chantonnay, Stannem, Luotolax, Bok- 
kevelde, and Bishopville, is enabled to place each of them ias 
the characteristic member of a group, may furnish ground for 
the hope that approximate methods may be found for at least de- 
terminiog the nature of the minerals contained in any given me- 
teorite. One such method appears to be furnished by the mic- 
roscope. A thin transparent section of an aerolite exhibits, un- 
der a low power, in a tolerably characteristic way the minerals 
of which the aerolite is composed. By comparing these minerals 
as thus seen, and as observed en mctsse in the specimen, with the 
minerals that predominate in certain well-investigated and, so to 
say, standard types of meteorite, one soon learns to discriminate 
between them, and to predicate of any given individual aerolite, 
with what others it presents mineralogical analogies, though the 
assignment to each of these minerals of its precise place as a 
mineral species is in some cases very difficult. Occasionally, 
however, as in the coarser-grained varieties, one is enabled to 
discriminate and to separate by mechanical selection for chemi- 
cal analysis certain mineral ingredients in b state of considerable 
purity. 

I have sought by these means to determine the lithological 
character, if I may so call it, of some of the undescribed me- 
teorites in the British Museum. As a nomenclature is much 
wanted in our language to represent what is so completely ex- 

freseed by the terms Meteorstein and Meteoreisen in the German, 
propose calling the former (the meteoric stone) by the original 
term Aerolite, the meteoric iron by the terra Aerosiderite, and 
the intermediate varieties (including the Pallasites of Rose), in 
which the iron is continuous and associated with silicate, by the 
term Aerosiderolites or Siderolitea. The term meteorite would 
lemain a generic expression for the whole. 

The fall of Butsura, May 12, 1861. — The group of aerolites 
that fell on May 12, 1861, on the banks of the Gunduk, forty- 
two miles northeast of Goruckpur, presents features of a general 
interest that claim for it a prominent place among those to be de- 
scribed in these Notices. Five pieces of that group were sent to 
the Asiatic Society of Bengal, at Calcutta ; and they have been 
thence forwarded to London, where they were exhibited during 
the period of the International Exhibition, at the British Mu- 
seum. They have since been cut, in directions agreed upon by 
Mr. Oldham on the part of the Asiatic Society, and in accordance 
with a liberal and patriotic resolution of the Society to share 
with the National Museum in London their valuable acquisitions 
in Indian aerolites. These five stones fell at four distinct places, 
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Boatliwest of tfae main atream of tbe Ounduk, near the TiUtgt 
of Mudbuni and oa the opposite side of the river to Butsnn^ 
which, as being the nearest place indicated on the Royal Atlat 
of Johnston, is perhaps the beat to give its name to the fUl {lee 
Map). The four spots where the aerolite fell are marked with 
a cross on the map, and form the angles of an irregular foiu^ 
sided figure, one side of which runs nenrly northwest and Bonth- 
east, taking a direction parallel to the general course of this put 
of the Gunduk. The northern anele id very near to, and rather 
to the north of, a little place called Piprai'si ; the Bontheaitern 
angle is a little to the northwest of one called Bolloah. Thoa 
points are some three miles apart. Two very small fragmenti, 
-weighing about 5 and 7 ounces respectively, fell at the latter lo- 
cality. A thill slab-like piece fell at the former. It weighed 
about 11 pounds. Of the other angles, one is formed by a qn( 
called the Qutahar Bazar (described in one account as in tht 
Thannah of Nimboah); this is the northwesterly angle. Thi 
southern angle is at a spot called Chireya. The stones that M 
at these two points respectively weighed 18 lbs. and 8} Ibi 




These points, like the former, are some three miles apart; and 
whereas Chireya and Pipraasi are only two miles, the northen 

goint, Bulloah and Qutahar Bazar are some three miles distaoi 
om each other. 
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the narrative of the circumstances accompanying the fall 
se aerolites, I am indebted partly to Mr. Atkinson, the 
ary of the Asiatic Society, partly to my friend Dr. Oldham, 
irector of the Indian Geological Survey. 
» fall of the Qutahar Bazar and Chireya specimens was 
led by a report from out of a cloudless sky with a sound 
lat of ordnance, succeeded by several successive peals of 
ig thunder. An appearance as of smoke was seen above 
ound where they fell. One stone penetrated the soil for 
t (=18 inches); the other did so to half that depth. 
) two small fragments from Bulloah were accompanied by 
mena well substantiated by a near eye-witness. A native 
iking his cattle to the water, when he was startled by three 
loud reports, and saw in the air on high *'a light" (a 
ous body), which fell to the ground within 200 yards of 
Here too the sky was serene, and the weather fiercely 
ut there was a very small cloud, out of which this witness 
the report and the luminous body to have come. "First," 
is, " there was the loud report, and about the same time I 
le light like a flame; then the stone fell, and in falling 
a great noise, and after it fell the sand was taken up high 
be air." He went to the spot whence the sand had been 
from the ground, and found there five pieces of stone, 
were very hot, and so was the sand all round, which was 
n up to the height of a foot. Unfortunately only two of 
five fragments were preserved. Dr. Oldham further men- 
that the incandescent fragments in falling are stated to 
scintillated like iron when at a white Heat. 
3 Piprassi stone was seen to fall by a witness quite inde- 
nt of the other, but unfortunately from a much greater 
ice. In the midst of the calm hot day, while sitting in a 
)n the east side of the village of Piprassi, with many of the 
ers, he states that they were startled by three loud reports 
jded by a rumbling sound which gradually died away, 
attention was immediately arrested by a cloud of smoke, 
I rose from the ground at about 1000 yards from them, 
saw nothing like a falling body, but they heard a whistling 
as of a bullet, but much louaer. They went to the spot 
)und the stone, round which the gravel had been thrown 
• some 2 feet. Fortunately the stone was not carried away, 
►body touched it for two days. It was Mahadeo I 
o hours after the fall, the serenity of the weather was in- 
>ted by a storm accompanied by a little rain. 
5 reports of the explosion were heard at a distance of sixty 
from the locality. 

Oldham, on sending these most interesting aerolites to 
nd, accompanied them by remarkable observations of his 
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own. The two little Bulloah fragments fit exactly to^tber, 
and both fit on to the Piprassi stone. The Chireya stone in like 
manner fits with sufficient precision to that which fell at Qotabar. 
He surmised also that a careful adjustment would succeed in 
uniting all five fragments into a whole ; and he indicated as s 
guide to this adjustment, a remarkable vein of iron which nn 
through the Piprassi and the Qutahar stones. I have since tried 
every possible means of cfiecting this; and though it ia not 
practicable to find continuous surfaces of contact on the PipnMi 
and Qutahar stones, I have been enabled to determine the 
precise position they must have occupied relatively to each oth^, 
and have modelled and constructed an intermediate piece which, 
allowing contact of the stones at one part, builds Uie whole of 
the fragments into one large shell-like piece, obviously itsdf t 
fragment of some far larger mass. But this presents also another 
point of great interest The Bulloah and the Piprassi stones^ at 
the contact surfaces by which they fit together, exhibit no croBt, 
thouffh in other respects coated with it The Chireya and 
Qutahar fragments, on the other hand, present a crust hardly, if 
at all, distinguishable from that covering the rest of their masi, 
on the ver^ parts that form the faces of junction, and at which 
they fit with unquestionable precision. These surfaces indeed 
are smooth, and the edges very much rounded off, while thoae 
of the Bulloah and Piprassi stones fit together with the exactitude 
of adjustment with which the portions of a broken piece of odita 
might be reunited. 

Before attempting to draw conclusions from these facts, I will 
describe the general characters of the several fragments, in order 
that all the data offered by this aerolitic fall may be given ift 
consecutive order. 

The two that have been preserved out of the five stones that 
fell at Bulloah are small fragments, fitting on, as before meo- 
iioned, to one of the long edges of the Piprassi stone. Probably 
the whole five formed a long bar-like piece fitting on to th«t 
edge, and these two would, in that case, constitute tne half of it 

The Bulloah stones are rounded along their summits and sidcSi 
And are there coated with a crust of a sooty black, and of dense 
texture. On the surface of contact they and the Piprassi are 
not crusted. The material of which the interior of the Bulloah 
iBtones is composed proves, when examined by a lens, to contain 
A profusion of protruding points of metallic iron. It presents a 
yellowish-brown ground-mass. It is mottled with irregular 
.dark stains, which surround the metallic iron. This iron, asso- 
.ciated with a considerable amount of meteoric pyrites, is present 
in this aerolite to a very high percentage. It is very evenly 
•distributed in small, isolated, irregularly formed and sometimes 
^rystalline-looking particles, not aggregated into a sponge, as it 
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the sideiolites, bat, as in the beautifal aerolite of Akbarpdr, the 
grains of metal seem linked bj a ferruginoas or iron-stained 
mineral, which may possibly indicate the vestiges of a sponge- 
like stracture of the iron at some earlier period in its history, 
when perhaps the silicates were less basic than at present, and 
less of the iron oxydized. 

Besides these ingredients, there are several very irregularly- 
distributed spherules of a mineral of the fi^reenish-brown color 
and translucency, as well as the lustre, of dirty bees-wax. It is 
somewhat transparent in thin sections, and presenta the charao* 
ten of olivine. 

A minute amount of iron pyrites occurs besides the meteoric 
pyrites; and a little of a very dark-colored mineral is also'present, 
generally with a lustrous fracture, and perhaps occasionally 
somewhat crystalline. 

In a section under the microscope with a power of one-inch 
&eos, this aerolite does not prove to be a very remarkable one. 
The mass of it seems to consist of olivine. This is associated 
trith a gray mineral, and also with one that is of an opake white. 
This gray mineral in some cases seems to constitute entire no- 
dales of the aerolite, and sometimes seems mingled in the sort 
of brecciated mass, containing olivine crystals, that forms other 
nodules in it It presenta the appearance, in the former case, 
either of a dark mottled surface spangled with dark pointe (con- 
, Bating sometimes of iron, and in some cases curiously distributed, 
18 if spurted through the mass from a centre), or of a mineral 
presenting very regular and minute parallel cleavage-planes 
with dark gray bars running along them, often rayed out like a 
&n, and with cross-cleavages usually oblique, but at angles 
which vary with the inclination of the section to the axis of the 
ciystaL 

There is also another mineral, transparent and presenting 
cleavages nearly perpendicular to each other, which appears to 
he distinct from the foregoing. 

What these minerals thus associated in small proportion with 
the olivine may be — whether they are solely augitic, or whether 
•bo the long feldspathic-looking bars are really fragmente of 
some feldspar — is at present difficult to say with certainty. But 
in a subsequent article in these Notes I purpose giving all the 
data I possess for assigning to these and other meteoric minerals 
their true mineralogical character. 

The Buteura iall, therefore, seems, like other aerolites rich in 
iron, to approach in character to a siderolite in that the silicates 
it contains consist, as I believe, for the most part of olivine. 
This olivine is generally very transparent, ana comparatively 
colorless; but near the iron particles, and forming a continuous 
fringe to them, ita granules become of a ferruginous color, and 
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are at times, especially in parts of the Qatahar and ChiieTa 
stones, red, like fragments or garnet or zircon. 

The meteoric pyrites is present in a ratio of about one-half the 
apparent quantity to that of the iron. It is generally in little 
inaependent particles of the same average size as those of the 
iron; and it sometimes is continuous with the iron in the same 
particle, like the copper and silver of Lake Superior. 

The Bulloah stone exhibits less of the ferrugmous olivine than 
the others around the iron, and may perhaps contain more of the 
barred and grey mineral or minerals. The result is a paler hoe 
on it. Its crust, on the other hand, is thicker and ooal-black; 
that on the other stones having a browner cast 

But the specific gravity of the aerolite seems pretty ooDStant 
in its different parts, namely about 8*60. 

The next stone in order to the fragments that fell at Bnlloih 
is the thin slab-like piece that fell at PiprassL One of the &oes 
of this piece is convex, while the other side presents a somewhat 
hollowed form. It is nearly rectangular in its general outline. 
The inner, as well as the outer side, presents some large but sbal* 
low hollows or '* pittings." This piece, as before observed, does 
not fit on directly to the great mass that fell at Qutahar Bazar; 
but, that it formed a closely contiguous part to it on the original 
aerolite, there can be no doubt. In fact, the general contour of 
the stone, the correspondence of the outline and character of the 
shallow hollows on ooth, and, finally, the existence in them of 
the remarkable vein of nickel-iron before alluded to, and which 
runs persistently in one plane through each of them from the top 
to the bottom, — these all serve as guides to the restoration of tw 
original form of the aerolite, so far as these two parts of it aie 
concerned, and arc the grounds of justification for the restoii' 
tion of this part of the meteorite which I have attempted, bj 
moulding the small intermediate piece, to unite the two stones. 
The Qutahar stone, which becomes thus adapted to the Pipraaa 
piece, is a fine mass of an irregular wedge shape. The inner side 
18 fitted with large shtillow depressions, and presents a rather ooQ' 
cave surface. The outer side is fiat and smooth. The base on 
which it stands, and which is the result of the wedTO-like form, 
is also smooth, rounded at the edges, and presenting nollows and 
irregularities on one half of its surface, while to the side of this 
base, on the inner or just below the concave part of the stone, 
the irregular piece that fell at Chireya adapts itself. This last 
fragment is somewhat pitted and deeply grooved on its upper 
side, and rounded everywhere else. Indeed, notwithstanding the 
precision with which it fits to the Qutahar stone, the faces and 
edges at the parts of contact are rounded off so as almost to ob- 
literate the original form of the stones at this part. The con- 
tour presented by the reconstructed mass, so far as the reuniting 
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f these scattered fragments enables one to build it up, is that 
r a shell or the thick outer rind of one side of a considerable 
drolite. 

The lithological character of the Piprassi, Qutahar, and Chi* 
dja stones is very similar to that of the BuUoah pieces. But 
bm are differences between them worthy of being noticed, 
nios the crust on them is not very different from the dense black 
XQSt that coats those of Bulloah ; it is, however, less charac- 
leristic and less thick. They are all dull, as the crusts on highly 
)livinous meteorites generally are, as contrasted with the shining 
Muanels on the feldspathic-augitic kinds. It exhibits crystalline 
metallic-looking points, as well of iron as of meteoric pyrites 
lad, at very rare intervals, of iron pyrites, that are disseminated 
imong small globular projections of a pitch-black color. It is 
these olack projections, on the other hand, that constitute the 
vhole mass of the Bulloah crust. But in the three larger 
maaees the crust assumes a dirty blackish-brown hue. 

The fitcts above recorded appear to me to throw some light 
npoD several interesting questions. 

We may hazard a pretty safe conjecture as to the direction 
of the Butsura fall, by observing that the lighter stones fell to 
theS.E. of the heavier ones; the Bulloah three miles S.E. of 
Piprusi ; the Chireya a similar distance E.S.E. of Qutahar. K 
te suppose that the disruption of all the stones was simul- 
tineous, we might further assume that they fell with a diverg- 

afliffht ; for the Qutahar Bazar and Piprassi points are con- 
3raDly further asunder than those of the Bulloah and Chireya 
Ule. In fact, a line passing from the E.S.E. to W.N.W. would 
P^reaent the direction of the flight of the aerolite ; and if we 
ire to judge by the diflferent.di vergences of the stones, that flight 
vould not have been at a great inclination to the horizon. 

Had it been quite horizontal, the point of the divergence 
would have been, on this view, about seven miles E.S.E. of the 
oe&tral point of the fall, and two miles N.W. of the Mudbuni. 
Aa, however, it would seem to have fallen from a considerable 
skvation, it may have been much further off, though the point of 
lisraption would have been somewhat nearly vertical over the 
position thus indicated. 

But this fall is remarkable for the evidence it aflbrds of the 
incrustation of an aerolite subsequently to its disruption, as 
rell as of the probability of successive disruptions, of which 
)ne, at least, was not followed by incrustation. In the great 
'amallee aerolite, and still more in that which fell at Bustee, 
re have cases, of which indeed every collection must exhibit 
Mne more or less evident examples, showing crusts on different 
irts of an aerolite that seem not to have been contemporaneous 
-where, in fact, the crust on one part has not the thickness and 

Ui. Joum. ScL— Second Sxbiss, Vol. XXXVI, No. 106.— July, 1608. 

10 



74 N. S. Masktlyne on AeroKHcs. 

homogeneity that characterizes that on another part ^ The iU* 
lowing, in the British Museum collection, are cases in point: 
Stannern, Bokkeveldt, Benares, TAigle, and Mezd-Madaru. 
These facts are among those we have to explain. On the present 
occasion they were accompanied, according to every witnesa^ by 
reports in the air, and by a subsequent roll of thunder. In two 
cases the distinct reports were three in number. There was a 
cloud in the sky, out of which the aerolite seemed to descend ; 
while at BuUoah the stone or stones were seen to &11 as a 
luminous body, which at some part of its path appeared to sdn* 
tillate in the air. The shell-like form, too, of the united frag- 
ments, in suggesting the idea of an internal cone or mass from 
which the external pieces have been severed, recalls to mind the 
suggestion of Mr. JBenjamin Marsh, that the bursting of the 
meteorite is the result of the expansion produced by neat If 
we couple with Mr. Marsh's suggestion the remarkable explana- 
tion by Hofrath Uaidinger of the intense coldness declared to 
have been exhibited by the Dhurmsala stones after their having 
fallen Quite hot, I believe that suggestion will prove a very fertile 
one. The coldness of the cosmical space must be shared by 
bodies wandering therein without atmosphere. 

Such a body entering with planetary velocity the terrestrial 
atmosphere, is arrested in its course with an abruptness of which 
it is difficult to get a clear conception as is that velocity itseIC 
The intense heat instantaneously developed on the surface of 
the mass will assuredly be sufficient to melt that surface down 
into an enamel, before it could have time to penetrate to even 
a sensible depth into the body. If, as is probable, this fused and 
white-hot enamel flies off from the mass as it proc-eeds with the 
scream of a huge projectile through the air, its place will be 
continually taken by a fresh and continuously flowing stream of 
the same incandescent material. That material, too, is com- 
bustible. The metallic iron in many an aerolite ranges above 
20 per cent, and is associated with sulphur as pyrites, and 
sometimes in other forms. Here at least is cause for much, 
if not a sufficient cause for the whole, of the spectacle exhibited 
by the blaze of a meteor. That the air itself is also heated to 
whiteness, and as such becomes visible, as Haidinger suggest»r 
is highly nrobablc, and would add still more to the brilliancy 
of the light. 

But while the enormous velocity of the body is thus instanta^ 
neously arrested and converted into heat, the effect of that heat 
will not ha exhibited in the molten sprav of enamel alone. Th^ 
boated surface will gradually, but by no means slowly, impart 
ite heat to the interior ; and notwithstanding the non-conducting 
character of the stony ingredients of an aerolite, the outer por- 
tions (a sort of shell around it) will rapidly rise in temperature. 
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The ooldness of the interior would oulj gradually be overcome. 
udy long before it would be so, the expansion of the external 
parts would tend to tear them away from a contracted and far 
more than ice-cold core within. The limits and the form of that 
core, the conditions under which disruption would ensue (indeed, 
whether it would ensue at all, as it would not if the mass were 
absolutely homogeneous), would depend on the structure of the 
mass, its directions or planes of weaker aggregation, or perhaps 
the unequal distribution in it of matter of various degrees of 
conductibility. But when the disruption comes, it must come 
with explosion. 

The process may be repeated, or it may take place at different 
intervals on the different sides of the meteorite. The earlier 
explosions may take place at points in its path where there is 
still velocity enough to produce a fresh enameling, — sometimes 
in a copious flow, at others only enough to barely glaze the ex- 
posed surface of the stone again ; the later ones may occur when 
the velocity is more nearly spent, and the friction is no longer 
competent to generate the glaze. 

The cloud in the air, out of which the meteorite has been seen 
to come in so many authenticated instances, would be satis- 
&cU>Tily explained by the dust of the enamel after its separation 
from the aerolite in its course, and the combustion of its iron, 
sulphur, &c. ; perhaps, also, small fragments are splintered and 
fly off by the same principle as the larger ones, and, partially 
Iraming, becomes dust too. 

Following in the track of the body, this dust would soon, 
bowever, linger behind it and hang in the air like a vapor-cloud, 
as is often seen to be the case in the wake alike of a meteor and 
of a meteorite. 

Finally, if the reports represent the successive concussions of 
the air produced by the disruption of the aerolite (and reaching 
the ear generally in the inverse order of their occurrence in time), 
we must attribute the ** thunder" that is so often described as 
succeeding the reports, to the echo of the reports themselves. 

That a noise, the true extent of which is likely to be exagge- 
nited, should be heard over so large a range of country as sixty 
linear miles, is perhaps not so surprising when we consider the 
distance to which a small cannon may be heard, even over a 
surface of country teeming with obstacles and air-currents cal- 
culated to impede the passage of the sound; whereas from a 
height of two or three miles in a still, clear air, the spread of 
even a comparatively small sound over an area with a radius of 
thirty or forty miles seems nothing astonishing. To me, at least, 
who have heard the roar of a train between Shrivenham and 
Swrindon, as I stood, on a still night, in the station at Cirencester, 
a distance of certainly nearly twenty miles, such a wide promul- 
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gation of a sound in the air is no more difficalt to nndentand 
than it is to credit the assertion of our aeronauts, who a fev 
months back heard a musical instrument played on the earth 
when their balloon was some three miles above the ground* 
That this propagation of the sound of a cannon or a train is nol 
due to the conduction of the earth, is proved by the fact that it 
is only in certain states of the atmosphere, independent of wind, 
that it occurs. 

The cause to which I have assigned the disruption of a m^ 
teorite, and the reports which accompany it, may also furnish 
an explanation of the great size of some aerosideritea and sidero- 
lites, as compared with that of the largest stones. The more 
rapid conducting power of the metal, as well as its greater 
power of resisting a divellent force, would — perhaps after a fint 
disruption — tend to prevent the repeated breaking up of the 
mass; and this may bo the case in many instances, notwith* 
standing the fact tnat, in others, meteorites of this kind htfa 
fallen in associated and perhaps dissevered masses or even in 
showers. 



Art. XI. — The Sun and Stars photometrically compared; by 

Alv-vn Clare. 

If we place a lens of known focal distance, one foot for in- 
stance, between the eye and a star of the first magnitude, or one 
of any considerable brightness, with conveniences for guidins 
its movement in distance, to any point where it may be needeo, 
and And the star just visible, or reduced to a sixth magnitude, 
when the lens, if a convex, is eleven feet from the eye, it be- 
comes clear that, since the star has undergone a reduction of ten 
diameters, it would be visible, if remov^ in space to ten timei 
its present distance. This, however, is on the supposition that 
no ab3i>rbing or extinguishing medium exists in space. 

If a concave lens bv? employed, the measure must be commen- 
ced at the lens itself, but if convex, at the focal point; or once 
the focal distance must be subtracted from the measure, and the 
number of Rx*al distances remaining corresponds to the number 
of reductions under which the object is viewed. 

Cantor is Ti«ible, when reduced. . -ID'S tiinM 

Pollux. . . . . 11 " 

PlXKYOO, - . • 12 • 

Siriu«. ...... 20 ** 

The full MiMMi. ..... s^ooo •» 

The Sun. ..... l«ooioOO " 

I liave aeiually stvn the sun under such a reduction ; attended 
by cia^umstaaees which have led me to believe that it is about 
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) limit at which the naked human eye could ever perceive 
8 great luminary. 

[ have an under-ground, dark chamber, 280 feet in length, 
B end terminating in the cellar of my work-shop, and the 
ler communicating with the surface of the ground oy a verti* 
opening, one foot square, and five feet deep. In a moveable 
rtition, between this opening and the end of the chamber, a 
18 of such focal dititance as 1 choose can be inserted. A twen* 
th of an inch focus I have employed, of the best finish possi- 
;; its fiat side cemented to one face of a prism with Canada 
Isam. 

No light whatever can enter the dark chamber, except through 
Is little lens. A common, plane, silvered, glass mirror, placed 
ove-ffround, over the vertical opening, receives the direct rays 
)m the sun, and sends them down into the prism of total re- 
xioD, by which they are directed through tne little lens into 
e chamber. 

An observer, in the cellar, 230 feet distant, sees the sun rt* 
loed 55,200 times; and its light, in amount, varies but little 
om that of Sirius. 

Upon a little car, moveable in either direction, by cords and a 
illey, is mounted another lens, with a focal distance of six 
iches. The eye of the observer is brought into a line with the 
uses, or so near it, that he sees the light through the six inch 
ns; then, by the cord, he sends the car into the chamber, to 
le greatest distance at which he can see the light, like that from 
star of the sixth or seventh magnitude. 
At noon, March 19th, with a perfectly clear sky, I found the 
in visible through the six inch lens, when it was removed to 
« distance of 12 feet from the eye. The distance between the 
Mes being 218 feet, the reduction by the small lens, if viewed 
om the point occupied by the six mch lens, would be 62,820 
mes; ana that again by the six inch, distant from the eye 12 
set, or 24 times its focal distance, is reduced 23 times ; making 
le total reduction 1,203,360 times. 

It becomes now an important matter to ascertain as nearly as 
ossible the proportion of light lost, by and through the media 
bove described ; the looking-glass, the prism, and two lenses ; 
liough joining the little lens with balsam to the prism, it may 
« regarded as one piece. 

I have only investigated by experiments with artificial lights ; 
'Ut I find, when the mirror is placed at the angle which the sun 
squires at the date above given, the diflference in the distance at 
^hich a direct light, and the same light reflected, is brought to a 
'^j^imum vtsibtk, does not exceed one-eighth part of the entire 
^stance, and could not reach one-seventh, when the prism and 
iOfles were interposed. 
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Again ; the image of tbo highly illuminated atmosphere, for 
some degrees about the sun, is admitted with the sun's direct 
light, through the little lens, to the dark chamber ; and the light, 
thus augmented, is observed in contrast with a darkness greater 
than that of a clear nocturnal sky. The entire loss by reflecting 
and absorbing is manifestly so small, and the light of the sky ia 
the immediate vicinity of the sun, so great, that I can readily 
believe the wast<\ in etfect, is fully made up ; especially when 
considering the absolute blackness of the ground, upon which 
the light, in the dark chamber, is projected; and I can find no 
reason to doubt that the sun would appear as a star of the sixth 
magnitude, or be only just visible to the unassisted human eje, 
even setting asiile the idea of an extinguishing medium, if re- 
moved 1/200,000 times his present distonce: and at 100,000 times 
his present distance, ho would only rank as a pretty bright star, 
of the tirst magnitude: though his parallax would be double 
that imputed to any star in the whole heavens. If his intrinsic 
splendor generally pn^ves to he less than that of those stan 
whoso disianoes have boon measured, we need not infer that it 
is less than the averajro oi existing stars; for, in case of a diver- 
sity among them, bearing any proportion to that among organic 
Kxlios, on the laoo of the eanii. or the planets of our system, 
whore the numbers are so coniparaiivelv small, the fwiifestaia, 
'■ ' • - • " ' the 

St 

appear u 
conspiouous ob;oo:s. 

Suoh Wv^i;\i Iv the case wi::i le'escoric magnitudes, as well as 
with ihi>so visiKo to the :iakexi eye. 

The nuir.lvr of s:ars visible, by aid of the more powerful tel- 
oskviy^s, IS i;ir :osci. in rro:v*r::on :o ::.o ix>wer of the instruments, 
thav. I'r.vvjo v:s:Mo :o :iio ;:r.&ssis:ed eye, or with smaller tel- 
es^\^i\*s. 

Ti:is !aoi ::;-,s ^zivtu riso :o :::o o.cv:r:r.e of an extinguishing 
:nodiu:n :r. s:\uv: w •.:;■. is ;\.\fv:iA: Vv :::e most able astrono* 
mors as ;".o ::v.:h. ,•.:..: '.•...s 1\:- :: ::-.e :our..:i:ioL of much ingen- 
ious TWiSv^vivC- 

r!:iv.>*;blo vT v"/:;/. !.'. ;.s -.'is r.v- •;■.■.?<. I scx* r.o difficulty it* 
iu:o.o:v.;\ •.'..;.:•*: :':.:: ..v. i\.v-v.::\:'v ^tca: .:.vtrsi:Y :r* the intriix- 
s:o Vr f;'-.:v.oss o:" :' .^ >:;''.*.: . -\s. i ::: s.irv.i'.y SxAf.ered ihrougP- 
MMvW ::•".; r\'sv:*: ■. • :"..: x-.".., ..rv-:,;r\-.r :-;> ;'i> ihose on which 
t:v.s o.vV',r".:\" s % , .•.■... .: .-, -. .-.: :. -• >:v.-. .-jr r.:5V.::cc<. wesnoula 
«kv :bo \\>.x';. l\:.. ;:"...: .v.. i >■•;.'. "..:-. ■.:<:- j c^^y moderate 
jvxx.'rs; b;-: .': :■•.* - ^ . -< '.•.■•.■.;. 'jT : ^ '.v.-Tcs: reach of the 
k'va; :o\>\v\vs : .^:i.'. :.\ ^-v,-.: ;.• .: ::■: s:-..^". ni'i^h: be there, 
r. \^o;;;^; ■^. ...*v ;■'.: ^rv,.: ::•..: v.. > . .■,: >:v : ir.i those only 
»s :ho r.'.A<: v. v. :•..,:,* s;\\x> .^:* .::..: :."a: cir. :>? irzagiEed. 
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rhe vast number of smaller, or more moderate lights, like our 
1, which may remain ooncealed among those of extraordinary 
endor, yet so remote as only just sensibly to impress our vis- 
I when aided to the utmost that human skill can do, will be 
;ter understood when we consider the ratio in which an in- 
tase of radius increases the cubic contents of a sphere. 
Upon the outer limits of such a sphere as would embrace the 
sat mass of telescopic stars, a moderate depth, extended round 
) whole, would afford an immense amount of room for stars of 
imaginable sizes. I desire to be particularly understood, that 
s in those very remote regions, or oeyond where any telescope, 
w in use, can possibly show stars of the average, or smaller 
BS, that we may look for the modification introdu(^, by such 
>po6ed diversities, into the investigation of this doctrine of an 
sorbing medium. 

Were all the stars in existence of one pattern, one uniform 
ghtness, scattered broadcast through all space, I think the 
sat telescopes would count up more nearly the numbers be- 
iging theoretically to their powers than they now do. 
However, with these suggestions, I leave this interesting branch 
my subject for the present. 

The ratio, in which the light from a celestial object diminishes 
th an increase of distance, needs no explaining ; and I will 
)6e by briefly giving, in tabular form, my own results, with 
ose published by Mr. Bond of the Harvard College Observa- 
ry, and by Dr. Wollaston, in vol. cxix of the Philosophical 
wuactions of the Royal Society of London^ of comparisons be- 
reen the bright star « Lyrae and the sun. 
To bring the magnitude of our sun to an equalitv with that of 
lis star, his distance would require to be increasea, according to 

WollastoD, Dearly .... 426,000 times. 

Bond, ««..... 166,000 " 
Clark, 102,000 « 

The light received from these luminaries differs, according to 

WolUwton, as - - • - 180,000,000,000 to 1 

Bond, " - • - ■ 24,000,000,000 •* 

CUrk, « . . . . 10.400,000,000 •* 

I have alluded to the light in the atmosphere about the sun, 
I giving an increase to his photometrical force; though I am 
fare that such must be the case with a star; and it must bear 
t same proportion to the starts light, that it bears to the sun's 

The difference, in effect, is here; we have several thousand 
irs playing into our atmosphere at once; but only one sun. 
If the distances imputed to several of the stars, from parallax, 
1 be true, I am sure, those having the taste, talent, and leisure, 
pessary for following up photometrical researches with effi- 
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ciency, cannot fail to find our glorious luminary a veiT small 
star; and to the human understanding, thus enlightened, mors 
than ever, must the heavens decfare the glory of God. 

P. S. — Since the above had left my hands for the presi^ I 
prepared a close covering for the vertical opening to my dtik 
chamber, with a circular perforation, subtending at the prism 
an angle of 82' ; and substituted for the little lens one having t 
focal distance of one-eighth of an inch. By this arrangement^ 
with the mirror placed above, and an eye-hole by its side, the 
sun light would be directed upon the prism, or just beside it^ at 
pleasure. 

I assumed that when the pencil was made to fall entirely oat- 
side of the lens, I was viewing a portion of the sky jost eqnil 
in form and area to the sun itself, close by its side. 

Allowing the direct light to pass centrally over the prism, I 
found the image visible for more than one minute after the last 
direct ray from the sun hod left the line of the lens, althongfa 
reduced nearly 22,000 times. 

After proceeding thus far, it appeared to me, that could the 
sun be reduced to a minimum visibile^ without reflexions, and 
the lenses so arranged that both eyes could be employed in ob- 
serving, the results would be more satisfactory. 

By removing the object-glass, eight inches in diameter, from 
the tube of my equatorial, and placing a lens in the eye-tabe, 
one*twentieth of an inch in focal distance, and turning the eje 
end toward the sun, with the eyes 100 inches from the lens, I 
obtained such a view as the sun would present if removed 2,000 
times his present distance. To accomplish the further neceflsaij 
reduction, I applied an extension sliding tube carrying a less 
one-thirty-fourth of an inch focus. 

To my surprise the sun was visible when the distance between 
the lenses w:is such as to give a reducing power of two millions. 
But, u(x>n examination, it appeared that light was copiously 
retltvted upon the lens nearest to the eye, from the inner surface 
of tho bright brass extension tube. After diaphragtning and 
pn^fvrly darkening this lube, on some occasions of very clear 
skies^ a ix'^wor of nearlv 1.600,000 was reouired to send the sun 
entirely out of sight. XVerv not the use ot both eyes, the avoid* 
anco of rt^tloxion by the looking-glass and prism, and the 
incre;uk\i ahituJo ot the sun suiVicient lo explain the difference 
Ivtwivu this and ihv* Jark chamber observations, I might add, 
tlio angle of aperture of the lens nearest the sun is 80' and used 
without a sv*nvn, whilo only a much smaller proportion of the 
briclu sky was sent down bv the mirror into the prism. Seated 
ovMufori \b!Y upon the olvs^Tving chair, with the driving clock 
acting, tho face in tho mouth of tae tube nearly to the esurs^ and 
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a folded blanket drawn over the head, so as to exclude all light, 
I usually gaze listlessly into total darkness for about two min- 
utes, that the pupils may expand, and the eye become prepared 
for its work. I then slowly remove or raise the blauKet upon 
, one side for the admission of light, barely sufficient to show the 
direction of the lens. A curious effect is here witnessed. Though 
no view of the sun had previously been obtained, and the eyes 
had wandered perhaps many degrees, they are suddenly arrested 
by the appearance of a good plump sixth magnitude star. 

On closely drawing the blanket again, it fades to the faintest 
perceptible point, or disappears altogether, and the eyes wander 
from its place in spite of every effort to keep them upon it. But 
when the slightest ray is again allowed to enter past the head, 
it is reflected from the lens, and combining with the light trans* 
mitted from the sun becomes conspicuous as before. 

This I have found to be the case when neither the transmitted 
nor the reflected light alone could stimulate the visual organs 
to a recognition of its presence. 

Since noticing this met, I invariably close every avenue to the 
admission of lignt about the head, preparatory to the final effort^ 
and if the sun is not seen within five minutes, I give it up, 
reduce the distance between the lenses about one-twentieth, and 
try again. My eye gains about its maximum power for such 
porposes in three minutes. I am on my guard against the con* 
sequences of allowing insufficient time. When a view is ob* 
tained estimated equal to a faint sixth magnitude, the distance 
between the lenses is measured, and the reducing power com- 
puted. I do not, it will be seen, trust to any comparisons with 
artificial lights as standards, but make a minimum viaibile the 
standard in all cases ; which leaves the eyes and attention free 
to pursue one object at a time. A movaole brass plate, with a 
perforation one-tenth of an inch in diameter, is placed nine 
inches beyond the lens next the sun, for admitting his direct 
rays, witn only a very narrow annulus of surrounding sky- 
light 

The following results were obtained April 28. 

6h son j^. K. 1,055,360 sky admitted. 

6 40 783,100 sky screened off. 

12 noon, 1,308,000 sky screened off. 

12 10 P.M. 1,574,400 sky admitted. 

These morning observations were made for the benefit of a 
fnend, who wished them for a special purpose. 

The numbers in the noon observation are very near the max- 
imum exhibited in many extreme efforts, made when the skies 
were remarkably clear. 

Am. Joub. Sol— ^bcond Ssbibs, Vol. XXXVI, No. 106.~Jult, 1863. 

11 
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It makes an enormous difference, it will be noticed, whether 
the sun is observed with the atmospherio light screened off or 
not ; but, to give the sun and the star equal conditions, the eje 
should in both cases be shielded against the light from surround* 
ing regions. If we could condense into a compass of less than 
the fourth of a second all the sky -light within 40° of a faint star, 
and add it to the star, it would give a manifold increase to its 
brightness. This is what occurs in observing the sun without 
the screen ; though the atmospheric light in question is, by day, 
firom the sun alone, but by night, from the host of stars of all 
magnitudes; which would make the conditions monstrously 
unequal ; and this indicates the importance of clearing it away 
in both cases as effectually as possible. The method by which 
it is cleared from the sun is already explained ; but for dealing 
with a star, I remove all the lenses from the finder tube to my 
equatorial, and place in each end of it, a disk of brass, with t 
central perforation, one-fifth of an inch in diameter, while another 
similar disk is placed upon an arm extending beyond the object 
end of the main tube, ten feet from the eye, upon a direct line 
with those in the finder. When a star occupies a given point in 
the field of the telescope, it is also in a line with the centres of 
these holes. But the plan is faulty ; inasmuch as it is going 
back to the use of one eye ; and since the holes must equal in 
diameter its expanded pupil, they admit sufficient light from the 
blank sky to be seen, if a sharp effort is made ; though when that 
from a star of the seventh magnitude is brought in with it, an 
augmentation is quite apparent, and a bright sixth magnitade, 
like 82 Bootis, is instantly and constantly seen with the single 
eye, through the screen, with two pieces of plate glass interposed 
Mitchell has estimated, frx>m Bouguer's observations, that the 
sun would equal a star of the sixth magnitude, if be were re^ 
moved to ten millions of times his present distance, which is 
nine times as much as could possibly be required, so far as lean 
understand by these experiments, to give him companionship 
with the star 82 Bootis. 

Cambridgeport, May 26, 1868. 
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XII. — On Olucinum and its Compounds; by Ohables A. 
Y, Professor of Chemistry in Columbia College, New York, 

IE distinguished crystallographer, Haiiy, having discovered 
rfect identity in crystalline form, hardness, and specific 
ity between the minerals beryl and emerald, requested Vau- 
in to subject the former to a careful analysis. Beryl had 
iously been analyzed by Bindheim in 1790, with the fol- 
ig result : 

),=64, Al30,=27, CaO=8, andFe,0,=2. Total 101. 

iuquelin^ fused 100 parts of finely pulverized beryl with 
parts of caustic potassa, and separated the silica (69 p. c.) in 
isual way. He then precipitated the earths by carbonate of 
5sa, and digested the precipitate in caustic potassa, by which 
rtion, amounting to nine per cent, was again thrown down, 
lis property of re-precipitation from caustic potassa, in one 
ion of the beryl, attracted his attention, and the fact that he 
i not obtain an alum with it, when its sulphate was mixed 
the sulphate of potassa, lead to the final discovery of glu- 

aaquelin did not give a name to the new earth, but left it 
s colleagues to propose one. In consequence of its forming 
of a sweetish taste, they called it glucina, from yivx^g^ sweet, 
', sweet wine, yXuxa/yw, to render sweet. The German chem- 
however, have preferred the name berylla, from the mineral 
hich it was first found. 

nee the days of Vauquelin, a number of minerals containing 
ina have been added to the list. The following catalogue 
base minerals, together with the literature of the subject, is 
5ved to be tolerably complete. 

lexandrite — same as chrysoberyL 

iti<€.— Dana, Sup. ill 5. Nyt. Mag. f. Nat, xiii, D. Forbes and T. DahlL 

ijua-marine. — Vauquelin, Ann. de Cbim. et Phys., [1], xxvi, 166. Hermann, 
in. de Chim. et Phys.j [2], xix, 861. Don Pedros, magnificent specimen of, 
ifish As. f. Adv. Sci., i, 6ft. Du Menil, ScJiwgg. J., xxxiv, 464. Dana, Min., 
8. Rammelsberg, Hdb. d. Min. chem., 663. Uausmann, Min., 608, 887. 

^}/l — Plin. Hist. Nat., xxxvii, 6, s. 20. Hard., ii, 776. Iremfius contra bosreses 
i Ren. Massuet., 1710, Lib. i, proem. § 2, p. 2. Theophrast. de lapld., §§ 44, 
s4«. Klaproth, Beitrage, i, 9. iii, 216. Werner, 40. 41. Haliy. Trnit6, ii, 604. 
■■en., J. d. Phys., ii, 421, 1795. Graf v. Veltheim, Sammlung einige Aufsatze 
«tor. antiquar. Miner, u. Ahnl. Inhalts., 1800, ii, 134. Cnri Ritter, Erdkunde, 
Africa, 2 A., 678-677, Bcckmann's Beitr. z. Gesch. d. Erfind., iii, 297. Wilken, 
2«ch. d. Kreuzzuge. Beil. 8. Du Menil, Schwgg. J., xxxiv, 454; id. xzxix, 487. 
i«ion of beryl, Scliwgj?. J., xviii, 237 ; id., xix, 320. Apatite mistaken for 
Tyl (airaTau. to deceive). Gilbert, J. d. Phys., xvi. 126 and 260. Hausmann, 
andb. d. Min., ii, 603. Von Leonhard, Handb.. 891. Beud. Trait6, ii, 41. 
billipg, Min., Brooke and Miller, p. 336. Ausserord, Beilage zur Augsb. Allgem. 

' Ann. de Chim., [1], xxvi, 165, Feb. 16, 1798. 
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Zeitno^, 1844, No. 847. Bragman, chromozyd in beryl magnetic Oilberl, J. d 
Phys., ly, 88. Rom6 de VIhIc, Gristalhif^n., ii, 245. BinmenlMcfaii vpec hitt. mk 
antiquae artU oper. illustrat., 1808, p. 81. Beraelim ami Oahn, Schwgg. J., xri, 
265; id., zfili, 287. Beraelius and Klaproth, Scfawg((. J., ir, 66. Bunitiigcr, 
Luonh. a. Dronn*8 Jahrb., 1851, 185, and Liebig n. Kopp, Jahrbs 1851, 779. 
Breithaupt (Plattner, LamMdius), J. 1 p. Oben^ z, 249. Ditto, Schwgg. J., Iz, 
422. HofmeiKter, J. f. p. Clieni., Izxvi, I. Kopp, Jahreab^ 1860, 778. Lcwr, 
Ann. Chim. Phys. [8], liii. 5. Mallet, Am. J. S<n., [2], zvii. 180. Mayer, LeooL 
Q. Bronn's Jabrb., 1851, 674. Liobig u. Kopp, Jahrb., 1851, 779. Moberg, Ada 
Boe. Scient. fennic, ii, 71. Berz. Jahrb., zziv, 818. MQUer, J. 1 p. Chem., Urn, 
180. Scheerer, Pogg. Ann., xliz, 588. Scblieper, Ram. Handk d. Min., 555. 
Schneider, id., 555. Thom9on, Outlines of Min.« i, 899. Vauqnelin, Ano. de 
Chim. et Pbyn., [IJ, zzvi, 155. Gilbert, Ann., zvi, 250. Jour, dee Mioett Koi 
zzzviii, 97; No.zliii, 568. Moore's Ancient Mineralogy, 146-160. Dana's Min., 
178; 2d Sup., 4; 4th Sup., 112; 5th Sup., 408; 9th &up^ 6. Am. J. ScL, i, 
242; ib., iv, 89; ib., vi, 222 ; ib., zviii, 291 ; ib., zl, 401 ; ib., [2], ziii, 264; ik, 
[21, zvii, 78. Von Kokscharow, Min. Rum., ii, 856. Zippe, Oeschidite d*Met, 
568. Sir David Brewster, Phil. Trans., 1819. Gilbert, Ann., Izv, 6; ib., hrii, 
1 ; ib., Iziz, 535. C. G. Gmelin, Pogg. Ann., 1, 175. Awdejew, Pogi;. Ann., Ifi, 
101. H. Rose, ib^ liz, 101. Salm Uorstmar, Pogg. Ann^ bczzfi, 146. Hs^ 
mann, Ann. de Chim. et Pbys., ziz, 861 ; ib., zliv, 27 ; ib., Izii, 284 ; ib., id, 109; 
ib., liz, 178. Journal des Mines, Jan., 1812. Gilbert, J. d. Phya^ zliii, 110. 
Schwgg. J., zzzi. 261 ; ib., zzziv, 454. Clea?eland's Min^' 874-278. Kopp, 
Gesch. d. Chem., iv, 68. K. K. Rnss. Gesel. d. Min., i, 848, 184S. 

i. (7&fyso6ery/.— HaQy, Traits, ii, 808. An. de Mus. d'Hist Nat, 1811, zrOl Gil- 
bert, Ann., xli, 58, from Haddam, sent to Haiiy by Mr. Bruoe of New York, 
1810. Hausmann, Min., ii, 480. Henry Seybcrt, Trans. Am. PhiL Soe.,Maidi 
5, 1824, p. 116. Schwgg. J., zlii, 228. Thomson's Outlines, i, 400. Awdnev, 
Pogg. Ann., Ivi. 1 18. Ann. Chem. Pharm., zliv, 870. Plinius, zsztil Hard, ii. 
776. Klaproth, BeiU i, 97. G. Rose, Pogg. Ann., zlriii. 570. G. Rose, RdM 
. nach dem Ural, ii, 879. Pott, K K. Gesl. f. d. gesam. Min. St Peteiabois, i, 
116. Werner, 6. V. Leonhard, Handb., 580. Bend., Trait6, ii, 145. luib, 
Phys., 842. fig. 87. Damour, Aon. Ch. Phys., [3], vii, 178. Pogg. Ann., liz, IMl 
Dana's Min.. 122. Moore's Anc. Min., 151. Jameson's Min., i, 802. Arfredtoit 
Vet. Acad. Hand., 1822. Schwgg. J., zzzviii, 4. Bergemann, Disaertat G6ttiD> 
een, 1826. Artificial, Caron and Deville, Ann. Chem. Pharm., crili, 67. BoM^ 
UK, Iziv, 287. Ebelmen, ib., Izviii, 265; ib., Izzz, 207. Am. J. Set, [1], ii, 240; 
ib., iy, 87. Haidinger, Pogg. Ann., buvii, 228. Schwgg. J., 1, 889 ; ib, 11, S<L 
Cleaveland, Min., 204. 

6. Cymophane — same as chrysoberyL 

7. Davidnonite'-'aAmc as beryl, Phil. Mag. [41. zii, 886. Ann. Chem. Phan&, xii^ 
154. 

8. i£nitfra/J.— Haiiy. identity of emerald and beryl, Ann. diiro. Phys., zzvi, M 
Vauquelin, Ann. Chim. PhyB., xzvi, 264. Am. J. Sci., [I I ii, 854. Klaprotl^ 
Beitr., iii, 215. Chemical Essays, London, 1801, 176. Moberg, Acta. So& 8d 
Fenn., ii,81. Ville, Comp. Rend., xli. 698. I/ewy, ib., zlv, 877. Ano. CliiA 
Phys., [81. liii. 51. Rep. Cbim. Appl., 1858-59, 27, Do P6ron, Ann. CUbl 
Phys., zxiii, 68; ib., ziv, 64. Dumns. S^nces de TAcad., 1855. I>e Senarmooii 
ib., 1859. Dana's Min., 178. Cleavelnnd's Min., 274. Hausmann's Min., 60S. 

•. -ffur/aw.— Vauquelin, J. des Mines. No. 28, 268. Hauy, Traits, ii, 528. Wefr 
ner, 89. Beud, Traits, ii, 32. Mohs' Phys., 851. Weiss. Verhaod d. GeMUa 
Natf. F., Berlin. 1820, 110. Weiss, Abhd. k. Akad. d. W., Berlin, 1841, 24». 
Berselius, Schwgg. J., zxvii, 73. Scbabus, Monograph. Wien Ak. d. W., 1851 
Pogg. Ann., Ixxxviii, 608. Kcikscharow, Pogg. Ann., ciii, 348. Bulletin de FAfr 
de St P., zvi. 284. MateriKl zu Miner Russ.* iii. 131. Hausmann, Haodb.(L 
Min., 601. Von Leonhard, Handb., 895. Levy, £din. Phil J., ziv, 129. Mallst, 
Phil. Mag., [4], v. 127. J. f. p. Chem.. Iviii, 447. Damour, Comp. Rend., zl,944. 
J. f. p. Chem., Lzvi, 154. Dana. Am. J. Sci.. zvi, 96. Ann. Chim. Phys., zi, 21C; 
ib., zii, 26. Dr. Brewster. Edinb. J., ix, 217. Gilbert's J.. Iziz, 1. Sdiwgg. J., 
xzxiii. IOC Zinken. Schwg;;. J., xxvi. 872; zxvii, 73. Rammelsberg, mUxd 
Miu. Chem., 570. Cleaveland's Min., 278. 
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Gmdoimii4^BerwBhxi», Sdnrgg. J., It, 51 ; Ibi, nriii. 104; ibi, iztL AfBaodL 
. FjM^ r, 64. TboinaoD, Steel and Richardson, PbiL Miign ▼iit 480. J. f. p. 
Sion^ Tiii, 44. Scfawgg. J^ Tiii, 450. Tl)omM>n*s Outl., i| 410. Ekebeig, Ann. 
^^um. Phys^ zliii, 228. Gilbert*! Ado., xiy, 247. Scfaeerer, J. d. Chem., iii, 187, 
17M. M6m. de F Akad. de Stock., 1797. Dana's MId., 21 1 ; 4tb Sup., 1 19 ; 6th 
)ap^ S51. J. £ p. Chem., Ixziv, 271. Voo Kobell, Schwgg. J., 1884. Pogg, 
KntL, ciii, S14 ; ib., lis, 101. Berlin, Bers. Jahr. B., zvii, 220. Schwgg. J., zIt, 
IS; ih., zvi, 404; ib., zxi, 261. Connel, Edinb. n. Phil. J., June, 1886. Add. 
JbmoL Pharm., zlviii, 224. Pogg. Ann., li, 414 ; ih., Iri, 479. Klaproth, Beit., Ui, 
12 ; iK, T, 178. Ado. Cbim. Phys., xxxfi, 148 ; ib., zzxirU. 87 ; ib., zliii, 278 ; lb., 
diz, 124; ib., bdl 208 ; ib., [2], ii. 411 ; ib., [2], iii, 26. Brdit. d. k. Akad. d. W^ 
Bcrlio, 1801, p. 16. Haosmann, Min., 542, 1590. Qeyw^ CreU. Ann. d. Chem., 
1788. Deadoueauz and Damoor, Ann. Ch. Phys., [8], liz, 857. CleaTehuKTs 
iio., 206. Orthite and Gadolinite, Pogg. Aan., liz, 108. Ben. Jahrbi, zzir, 
118; ih., ZZY, 865. 

Oosfant/^— same as beryl 

, JEMetfM..-yogel, Sdiwgg. J., zziz, 814. C Omelin, Pogg. Ann., iii, 58. Run- 
nekbeig, Pogg. Ann., zciii, 453. Breithaopt, Gilbert's Ann., Ixiv, 42. Dana's 
Ilia, 194 ; 1st Sap., 9. Hausmann's Min., 870. Werner, 28. Trieslelien^s Bei- 
Hige, L HaQy, Traits, ii, 168. V. Leonh. Hab., 462. Beud, Trait6, ii, 16& 
tfohs* Phys., 897, fig. 206. 
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SIO, 1865. Desdoiseauz, Ann. Cbim. Phys., [8], zl, 76. Rammelsberg, J.t. a 
Cbnn., Izviii, 245. Pogg. Ana, zcviii, 257. Berzelius's Jahrb., zxi, 168. Dana s 
MiiL, 182; 2d Sup.. 18; 4th Sop., 121. A. Erdmann, Vet Acad. Hand., 1840» 
191. Awdcjew, Ann. Chem. Pharm., zliv, 270. Phillips's Min., 856. Haoa- 
manD'a Mia, 888. Rammelsberg, Handb. Min. Chem., 768. 

. PAsiMette.— Hausmann, Handb. d. Min., 588, 1590. Nordenskidld, Pogg. Ann., 
Bad, 67. K. y. Ac. H., 1828, 1860. Beiridi, Pogg. Ana, zzxir, 519 ^l^ xU, 
828. Aaa Chem. Pharm., zri, 251. Mobs* Phys., 868. R. Hermann, Bullet 
See. Imp. Mos., 1844, iv, 877. Hartwall, Ana Chem. Phana, zir, 82. Ben. 
Jahrb., ziii, 167. Pogg. Ann., zzzi, 67; ib., czxzii, 120. Ann. Chem. Phana, 
ZTi, 261. I'hil. Mag., [4], iii, 878. Dana's Mia, 189. Am. J. Sei., [2], zrii, 78. 
6. Rose, Pogg. Aon., Izuc, 148. Rammelsberg, Hdb. Min. Chem., 668. Awdejew, 
Ana Ckm, Pharm., zliv, 27a Defille, artificial, Ana Ch. Phana, czz, 178. 

I. Smmrmgd — same as beryl 

I TVrtle.— Phil Mag., [4j, ziii, 91. Dana's 4th Sup., 129. 

As my object was to procure a supply of gluciua, a re-exam- 
oation of the above minerals was not deemed necessary. One 
landred pounds of fragments of beryl were obtained from Ac* 
rorth, New Hampshire, and ground in a gold-quartz mill, and 
ieoompoeed according to the following methods. 

Methods for the decomposition of beryl 

1. By passing chlorine gas over a calcined mixture of lamp-black, oi]« 
td beryl. 

2. By treating beryl with concentrated hydrofluoric acid and sulphu- 
c acid. 

3. By digesting seven parts of beryl and thirteen parts of fluor spar 
eighteen parts of concentrated sulphuric acid. 

4. By fusing beryl with three parts of fluorid of potassium, and digest- 
g in sulphuric acid. 

5. By fusing beryl with fluorid of ammonium, and digesting in suU 
laric acid. 
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6. Bj digesting fifty parts of beryl in thirty parts of snlphnric add, 
and fusing with one hundred parts of ferrocyanid of potaauuin and 
seventy parts of chlorid of sodium, 

7. By fusing beryl with fluor spar. 

8. By fusing beryl with half its weight of caustic lime. 

9. By fusing beryl with litharge. 

10. By fusing beryl with binoxyd of manganese. 

11. By fusing beryl with three parts of carbonate of potassa and two 
parts of carbonate of soda. 

12. By fusing beryl with two parts of carbonate of potassa. 

1. By chlorine gas. — Finely pulverized beryl waa iDtimately 
mixed with lamp-black and linseed oil, and calcined. Chlorine 
gas was passed over it at a red heat in a porcelain tube, and the 
more volatile chlorids of silicon and iron driven into the re* 
ceiver. The chlorids of glucinum and aluminum were collected 
in the further end of the tube. The beryl was completely de- 
composed. An unsuccessful attempt was made to take advan- 
tage of the difference in the points of volatilization of the chlo- 
rids of iron, silicon, aluminum, and glucinum, in order to seps- 
rate them. 

2. By hydrofluoric acid, — This well-known method was tried 
for comparison, and, where the beryl was finely pulverized, was 
entirely successful. The glucina was separated from the alomins 
by carbonate of ammonia. 

8. By fluoT spar, — This method was proposed by Scheffer.* 
Seven parts of beryl, thirteen parts of fluor spar, and eighteen 
parts of concentrated sulphuric acid were gently heated in s 
leaden trough under constant stirring, for two hours, and then 
transferred to an iron vessel, and heated sufficiently to expel the 
fluorid of silicon and the excess of sulphuric acid. The aecom- 
position is fully accomplished in this way, and the only objeo* 
tions to it are the presence of so much sulphate of lime in the 
solutions, and the aifficulty in expelling the excess of sulphuric 
acid. 

4. By fluorid of potassium. — One part of beryl was fused with 
three parts of fluorid of potassium, and digested in sulphuric ' 
acid. If this flux could be obtained in sufficient quantity, the J 
method would be preferable to all others, as the mass fuses 
easily, the fluorid of silicon is driven off at a gentle heat, and 
the potash alum crystallizes readily, carrying down all of the 
alumina, thus at the same time accomplishing the decomposition 
of the silicate and the separation of the alumina and glucina. 

5. By fluorid of ammonium, — Four parts of beryl were inti- 
mately mixed with nine parts of fluorid of ammonium, gently 
heatea in a capacious platinum crucible, and fused at a low red 
heat The mass was covered with an excess of sulphuric acid, 

' Ann. Chem. Pharm., ciz, 144. 
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nd evaporated, care being taken to prevent the formation of 
learly insoluble fluorid of aluminum b^ too great beat 

Tbis method' for the analysis of silicates is one of the best 
)ver proposed, and, as fluor spar is abundant, there is no reason 
why It should not be frequently applied. 

6. By ferrocyanid of potassium. — ^The method of Corbelli,* for 
obtaining aluminum from its compounds, was applied to beryl. 
Eiffy grammes of beryl and thirty grammes of sulphuric acid 
irere digested for two hours, and the heat raised to 600^ C. 
AAer cooling, one hundred parts of dry ferrocyanid of potas- 
dom and seventy parts of chlorid of sodium were addea, and 
the mass exposed to the highest heat of an anthracite fire. The 
result was a button of iron, but no glucinum. The beryl was 
onlv slightly decomposed. A trial with an alumina salt sAao 
Tiefded a button of iron, but no aluminum. 

7. By /using wiihfixjtor spar. — One hundred and eight parts of 
beryl and one hundred and sixty parts of fluor spar fused very 
rc^ily, but required close attention to prevent the mass from 
running through the iron crucible. The complication in the 
leparation of the earths, occasioned by the introduction of so 
nach lime, was found to be inconvenient in this method. 

8. By caiutic lime. — ^Two parts of beryl and one part of caus- 
io lime were fused in a hessian crucible. The mass melted 
•eadily, but, as in the previous example, required care to pre- 
sent it from running through the crucible. This method* is 
-apid, requires only a low heat and cheap material, and would 
>e highly advantageous, if suitable crucibles could be provided. 
[ moaified it somewhat, as follows : by fusing one part of lime, 
;wo parts of beryl, and three and a half parts of gypsum. (Two 
ind one and a half parts of gypsum were tried.) This readly 
leoomposed the beryl, forming a beautiful glass, and did not 
run through the crucible ; but so much lime in the solution was 
«in objection. 

9. By litharge. — One hundred grammes of beryl were intim- 
"itely mixed with three hundred grammes of litharge in an iron 
srucible, and gradually heated to fusion. The mass was then 
stirred with an iron spatula, and poured upon a marble slab. 
The cold slag had a dirty yellow color, and was soil and easy to 
pulverize. It was reduced to a fine powder, moistened with 
water, digested in an excess of nitric acid, and evaporated to 
Irynesa The silica was separated, and the filtrate was left 
until nitrate of lead had crystallized out. The balance of the 
lead was separated by sulphuric acid, and the requisite amount 
j£ sulphate of ammonia then added to form an alum with the 
sulphate of alumina. This method with litharge proved to be 

' Rose, Pogg. Ann., Cfiii, 19. '* Rep. pat. iny., Oct 1858, 800. 

* Debray, Ann. Ch. Pbj8., [8], zliv, 5. 
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admirable, and is highly recommended for the deoomporitioD of 
other silicates. The yield of glucina was not quite eqaal to Uitt 
obtained for the fusion with carbonate of potassa. 

10. Binoxyd of manganese, — Two parts of finelv pulverized 
beryl were intimately mixed with tnree parts of binoxyd of 
manganese, and exposed to the highest heat oF an anthracite 
coal furnace for two hours. The mass fused completely, afford* 
ing a dark glass resembling obsidian, hard and aifficQit to pat 
verize. It was diges^ted in concentrated sulphuric acid, and the 
silica separated as usual. The beryl was fully decomposed. Mj 
object was to see whether the binoxyd of manganese would de- 
compose silicates in this way, and, further, to try if an alum with 
the protoxyd of manganese (MnO, S0,+A1,0„ 8SO,+24H0) 
could be formed. No such alum was obtained, thus confirming 
previous experiments in this direction. 

11. Carbonates of soda and potash, — ^By fusing beryl with a 
mixture of two parts of carbonate of soda and three parts of 
carbonate of potassa, the mineral is easily decomposed, and, 
where the earths are separated by carbonate of ammonia or 
chlorid of ammonium, the method is very convenient. It has 
no advantages, however, over the succeeding and last method. 

12. By carbonate of potassa, — One part of finely pulverized 
beryl and two parts of carbonate of potassa fused very readfly 
in a platinum crucible. It will be seen, under the head of the 
separation of alumina and glucina, that this method was pre- 
ferred to any other. 

All of the above methods, and numerous others which it is 
not necessary to recapitulate, were subjected to repeated triab 
in my laboratory, and a large supply of glucina obtained for 
use in the further prosecution of this investigation. 

Methods for the separation of glucina and alumina. 



1. Chlorid of ammonium. 

2. Carbonate of ammonia. 
8. Caustio potassa. 

4. Sulphurous acid. 
6. Carbonate of baryta. 



7. Decomposition of nitrates. 

8. Acetate of soda. 

9. Fusing with caustic potasis. 

10. Formate of ammonia. 

11. Decomposition of snlphatea 



6. Hyposulphite of soda. • 12. Potash alum. 

1. By chlorid of ammonium. — The oxyds of iron, alumina, 
and glucina were precipitated by ammonia, and the preoipitits 
digested in a concentrated solution of chlorid of ammoniom, 
with constant replacement of the evaporated water. The iron 
and alumina, being insoluble in sal-ammoniac, are collected upon 
a filter, and the glucina precipitated from the filtrate by sulpiiid 
of ammonium. 

This method, proposed by Berzelius,* was regarded by Wee* 

' H. Rose, Handb. d. Analjt. Chem., ii, 61. 
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ren* as preferable to any other. My observations confirm the 
wcuracy of the results to be obtained, if all of the precautions 
ure observed, but the time required for the digestion of the mix- 
tare and the care to keep it at a proper concentration render it 
more tedious than other methods, without a corresponding in- 
crease in the yield of glucina. 

2. By carbonate of ammonia. — ^The filtrate from the silica was 
dropped, with constant stirring, into a warm concentrated solu- 
tion of carbonate of ammonia in excess, which precipitated the 
damina and dissolved the glucina. *The solution was left for 
some days in a corked flask, and occasionally well shaken. After 
■qMurating the alumina by filtration, the glucina was obtained 
bv distilling off the carbonate of ammonia and collecting on a 
filter. The carbonate of ammonia was thus saved for future 
operations. A serious objection to this method is the fact that 
considerable alumina is always dissolved in the presence of glu- 
cina, although alone it is not affected by carbonate of ammonia. 
I instituted a series of experiments in order to ascertain the de- 

E9e of concentration of^the carbonate of ammonia, and the 
igth of time most favorable for the solution of the glucina. 
One gramme of pure glucina was treated with carbonate of 
ammonia, under the same circumstances of temperature and con- 
centration, for three, seven, eleven, and sixteen days. After ten 
daySy with carbonate of ammonia of 1*080 specific gravitv and 
16 G^ the maximum amount was dissolvea. If the solution 
be kept longer than ten days, a precipitate of carbonate of glu- 
cioa will begin to form, and at the expiration of sixteen days, 
fifteen per cent less of the original amount will go into solution. 
It was found advisable to separate the glucina after the expira- 
tion of a week. I observed that it was preferable to precipitate 
the two earths in the first instance with carbonate of ammonia, 
M the glucina was then more soluble than if first thrown down 
by ammonia and afterwards digested in the carbonate. Carbon- 
ate of potaasa and carbonate of soda dissolve the precipitate of 
giacina, but with greater difiiculty. 

3. By caustic potassa. — This method was first proposed by C. 
6. Ghnelin." The solution of alumina and glucina in chlorhydric 
scid is neutralized by a cold solution of caustic potassa until 
Ae precipitate disappears ; it is then largely diluted with water, 
and boiled in a platinum capsule for a quarter of an hour. The 
giacina will be precipitated, and must be carefully washed in hot 
water to free it of all traces of potassa. 

By diluting the potassa with ten parts of water, and dissolving 
the diucina in chlorhydric acid, and re-precipitating by ammo- 
nia, I obtained very pure glucina, but always with loss of mate- 

^ Pogg. Ann^ zdi. 91. 

' HAodwortb. cL Cbem., 2te Auf., ii, 1018. Pogg. Ana, zcii, 97. 
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rial, as a portion of the glacina remained in Bolation with the 
alumina, and where iron was present, I found that considerabk 
quantities were dissolved by the potiuasa, notwithstanding eyeiy 
precaution was observed. 

4. By 8ulphuroiL8 acid. — This method of Berthier,* founded 
upon the difficult solubility of the basic sulphite of alumina, did 
not succeed, as variable quantities of the sulphite of gludna 
were always thrown down with the alumina salt. The sulphite 
of ammonia was substituted for the sulphurous acid gas, but the 
result was the same. My observations confirmed the experience 
of Weeren" and Bcittinger." 

6. By carbonate of baryta. — According to H. Rose," carbonate 
of baryta does not precipitate glucina from cold solutions, while 
alumina under the same circumstances is precipitated. I found, 
however, in coniirmation of the observations of Weeren," that 
both glucina and alumina were precipitated. 

6. By kyposiilphite of soda. — ChanceFs" method for the sepa- 
ration of alumina and iron was applied to the separation of aJa- 
mina and glucina. Weighed portions of alumina and glucina 
were dissolved in chlorhydric acid, nearly neutralized by ca^ 
bonate of scxla, largely diluted, and to the cold liquid a slight 
ex(vss of liy])osulphite of soda added, and the whole boHed 
until fumes of sulphurous acid were no longer observed. It 
was found that the glucina was precipitated along with the ala* 
mina, and the method proved unavailing. 

7. liy the tkcomposition ofUie nitrates qfalwmina and glueinfL^ 
AiH'onling to Doville.^Mf the nitrate of alumina be heated &r 
Si>nie time to 200"" and 250'^ C, all the nitric acid will be ez- 
|h*1Uh1, and a residue of granular alumina, insoluble in water, 
will Ih' lot^ in the ca^vsule. Alumina can in this way be sepi- 
ratod from HaO, SrO, CaO, KG, NaO, and MgO. 

\Voii>luHl (H^rtions of the nitrates of alumina and glucina wen 
lu«at(\l to^othor to 200^^ C. and afterwards treated with water. 
It was found that the nitrate of glucina was decomposed the 
HAUio as the nitrate of alumina — {Wording no method for the 
tk^panition of the earths. 

S. liy iicfUUt^ of A>tiii.— Alumina is precipitated from a boiling 
i«oUitioi) i^f aivtato \>( so^x the same as the oxyd of iron, a 
mot hod ompIoviHi for the sejxinition of alumina and iron from 
\>thor bases. I found that the behavior of glucina was the same 
as ahiinuia. auvl v'v>nsoquontly this method was also unavailing;. 

j>. /», ■'\,<r:7 i.\th KWurAc pcUis^a. — Weeren" says, if glacma 



• Ixi'HO. IIa'uIK J. AmaIti. rh^m.. H. 60. B*rx. Jahrb^ xiii, 148. 

"* roKi; ^«'" »^*''- '^•*' ' *' ^°"- ^e™- Ptuurm., li, 897. 

'• Ki'MV JUikUv %\ Aiwlvi. Cheni, ii. 57. 61. 

'• l\>:»; Ann . \*": U'4. 

" K\^\\\y K<«nxi . \i\i. ^ST Ann. Ob<m. Phann., criii. 2S7. 

'• Vim Chim. l*hTii, l?]. uxriii. f. * Ptogg. Adil, xcii, 106. 



C. A. /ojr oil CHmcmum and Us Campannia. M 

Aostic potassa be fused together, water dissolves out noth- 
)at if alumiDa be fused in the same way, it will be ren- 
I soluble in water. This suggested a method for the separa- 
3f the two earths. Upon trial it was found that the glucina 
x^ually soluble in water after fusion with caustic potassa. 
. By formate of ammonicL. — Formate of ammonia precipitatei 
alumina, and glucina, and none of them are soluble in 
B. This method was therefore not available. 
. By iht decomposition of sulphates, — If sulphate of glucina 
iated to redness, sulphuric acid and sulphur are driven ott^ 
;he pure oxyd remains. The sulphate of manganese is not 
npcoed by heat in this way. This method may be of ap« 
kion in the analysis of helvme, but can not be used to sepa- 
ilumina from glucina, as the sulphate of alumina behaves, 
I heated, in the same manner as tne sulphate of glucina. 
. Bu the formxUion of potash-alum, — One part of finely pul- 
ed beryl was intimately mixed with two parts of carbonate 
^tassa, and fused in a capacious platinum crucible at an or^ 
y red heat Afber cooling, concentrated sulphuric acid was 
^ over the mass, care being taken to prevent loss by effer- 
^nce, and the whole constantly stirred until it assumed a 
incus condition. The excess of sulphuric acid was then 
lied, and the silica determined as usual The filtrate from 
ilica, containing the sulphates of alumina, glucina, iron and 
isa, was concentrated by evaporation, and allowed to stand 
ty-four hours, and sometimes longer, according to the 
mt of beryl taken, until a crop of alum crystals had formed, 
e were collected |nd washed, and the liquid evaporated 
a second crop was gathered. The filtrate from the alum 
als was concentrated and poured into a hot saturated solu- 
of carbonate of ammonia, and allowed to stand several 
with frequent agitation. The insoluble portion was col- 
d on a filter and digested a second time in carbonate of 
lonia and afterwards in caustic potassa. The portion insolu- 
Q caustic potassa was collected and weighed, and gave the 
3ntage of iron. The filtrate from the iron was examined for 
lina and yielded only traces, showing that all of the alumina 
separatea as alum. The glucina and alumina were deters 
d as oxyds. This method was subjected to repeated trials, 
wras found to give better results than any other. The aver- 
composition of the beryl from Acworth, New Hampshire, 
mined in this way on a large scale, proved to be as fol- 
: silica 68*84, glucina 1340, alumina 16*47, sesquioxyd of 
1-70. Total 100-41. 

e consideration of the salts of glucina is reserved for a 
e communication. 

imbiA CoUegtfi New York, May, 1863. 
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Abt. XIIL — JRemarks on the Luminosity of M^eors as affscUdhf 
Latent Ueat ; by Benjamin v . Mabsh. 

In the January number of this Journal, in the notioe of Mr. 
Quetelet's work, " Sur la Physique du Okhe,^' objection is mide 
to certain " novel ideas on the constitution of the atmosphere," 
— apparently adopted by the author mainly for the purpose of 
explaining the fact that shooting stars and meteorites always 
disappear before reaching the earth. The notice says, " wc oo- 
serve these meteors at elevations of 140 to 160 miles ; they in* 
crease in brightness as they approach the earth ; they diaappetf 
entirely as they approach the lower part of the atmosphere, as 
if they entered a medium which had not the elements necesnrj 
for their continued brilliancy." 

The aim of the present paper is to show that the well-estab- 
lished fact thus stated may be fully and satisfactorily explained 
by other means. 

Mr. Birks, in his chapter on the ^^lyneous condition of maikr^ 
says,* ** There will thus, accortling to the present theory of the 
laws of matter, be more truth than has latterly been recognized 
in the old arrangement of the four elements, which placed a 
fourth region of tire above the solid, liquid, and gaseous otHi' 
stitucnts of our globe. In fact, above the region where the air, 
though greatly rarefied, is still elastic, there must be a still 
higher stratum where elasticity has wholly ceased, and where 
the particles of matter, being very widely separated, oondenM 
arouiul them the largest amount of eth(^ All sensible heat^ in 
the collision or oscillation of neighboring atoms of matter, will 
thus have disappeared ; but latent heat, m the quantity of con- 
donsed ether or repulsive force ready to be developed on the 
renewed anpn^ach of the atonid, will have reached its maximum, 
and may be capable of producing the most splendid igneoos 
phenomena, like the northern lights, or tropical thunder storrna" 

On reading the above, I was so struck with its peculiar adap- 
tation to the explanation of meteoric phenomena, that I was in- 
duced to inquire, without any regard to the theoretical views of 
the author — what, according' to the accepted laws of heat, must 
be the condition of the upper regions of the atmosphere in ref- 
oronco to latent heat? 

** If a unit of weight of any gas, allowed to expand freely 
without change of pressure, is heated from the freezing point 
one dognv, tho amount of heat thus absorbed, measured m ftaO' 
tions of the unit, is calUxi 'the specific heat under constant preS' 
euro.* ir the sjune gas is heated one degree when so confined 

* On Matter wv! Kthor, or The Socrei Laws of Pbriicftl Chan^; br ThoDM 
lUwMHi lurk*. M..V. Camtvuige ^England ». 1562. 
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it its volame can not be increased, the amount of heat re* 
ired to produce the change of temperature is called ' the spe- 
c heat under a constant volume.'" — SilUmarCs Physics, -p. 469. 
The specific heat of air under constant pressure (tnat of water 
ng unity) has been found to be 0*2877 ; specific heat of air 
ier constant volume has been found to be 0*1678 ; difference 
699. 

"Comparing these results in the case of air, we see that, when 
is heated in a situation where it is free to expand, only about 
»f the heat applied is expended in producing elevation of tern* 
*atare — as in heating a room — while about f of the heat is 
pended in producing expansion of the air, to be given out 
lin as the room cools." — oiUimarCs Physics, p. 461. 
Again: "It is a perfectly well known fact that a certain 
lount of heat is rendered latent in producing the expansion 
a given mass of gas, and that, on condensing the gas to its 
ginal volume, the same amount of heat is set free.' — Cbo^'tf 
iemtcal Physics, p. 480. 

The absorption of a certain amount of heat, and the rendering 
it latent, appears to be admitted as a necessary accompani- 
3ntof the act of expansion^ as such, and essential to its accom- 
ishment — whether the expansion be produced by the removal 
pressure,' or by the application of heat, or by both combined, 
le amount absorbed must therefore depend solely upon the 
tent of the expansion — and air of any given density must 
vays contain the same amount of latent heat, no matter what 
ly be its past history or its present condition as to temperature 
pressure. 

Now it has been ascertained by Begnault and others, that 
ben air is heated in a situation where it is free to expand with- 
it change of pressure, equal additions of heat make equal addi- 
)n8 of volume — and that this holds good at all temperatures 
\i at all pressures — also that the rate of expansion^ is such that 
r at the freezing point expands j|t part of its bulk for every 
Ided degree of beat on Fahrenheit's scale. That is 

491 cubic inches of air at 82* become 

492 ** ♦* " 33 " 

493 ** ** " 34 " &c. 

' A ttriklDg instanoe of the effect of the removal of pressare is afforded on a 
it Bcale at the fountain of Hiero« at the mines of Ohemnits in Hungary. "A part 
the machinery for working theBe mines is a perpendicular column of water 260 
i high, which presses on a quantity of air enclosed in a tight reserroir. I^ air 
XNiseqaently condensed to an enormous degree by this height of water, which is 
lal to 8 or 9 atmospheres ; and when a pipe communicating with the reserroir of 
ideosed air is suddenly opened* it rushes out with extreme velocity, instantly ez- 
td», and io so doing absorbs so much caloric as to precipitate tbe moisture it 
tatna in a shower of very white compact snow, or rather hail, which may be 
dilj gathered io a hat held in the blast"* — SiUiman't Chemiitry, 1880, yoL i, p. 



94t 



B. F. Marsh an the 



ofMeteon. 



Whence it appears that 

1 Yol. of air at 82*, by having its temperature raised 491* becomes 2 vok. 

2<<MUM M M « 982 *^ S * 

\ u u u u a tf « 1478 ** 4 '^ 

&a, — ^the increase being 1 volume for each 491®. 

But it has already been shown that, of the heat employed in 
this process, about f (more exactly ^VVt) ^^ absorbed by the air 
and rendered latent Hence, of each 491® expended as aboTOi 
tiVt} ^^ about 144®, are rendered latent It therefore follows 
that 

VoLofatr. LataatbaL 

1 St 82^ by hsTing its temp. nSssd 491<» becomes 2 toIs. and eootsliM 144* 

1 «( «< <« •< «< 9ef (I 3 II u ^ 

1 " «« " «i " 1478 II 4 « M 411 

and so on indefinitely. 

Now, inasmuch as it is known that at the height of 8*48 miltf 
the volume of a given weight of air is twice what it is at the 
earth's surfieu^, and that as we ascend the number of volumes is 
doubled for each addition of 8*48 miles to the heighti the 
above considerations enable us to calculate the amount of latent 
heat in any given weight or bulk of air at any given height 
within the limits of the atmosphere. 
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The above table shows results thus obtained, together vith 
tome other &ots bearing upon the subject 

The most important as well as the most striking fact shown 
by this table, is that the quantity of latent heat in a given bulk 
of air is sensibly constant for all heights esceediuff 80 miles. 
Below that point it decreases rapidly as we descend, being at S^ 
miles only one-half of what it is at 80 miles. 

For convenience of illustration, let us assume as our unit of 
measure a cylinder 1 mile long and 1 foot in diameter — this 
bdog the space traversed by a globular meteor 1 foot in diame* 
ter in goin^ 1 mile. Such a cylinder will contain, at the surface 
of the earth, 885 pounds (2342847 grains) of air. 

At the height of 8*48 miles it will contain 167 pounds, which, 
when condensed to the density of air at the surface, will evolve 
eooogh heat to raise the temperature of the original weight- 
ay 885 pounds— 72''. 

At 84'30 miles it will contain -^ pound of air, which, condensed 
M before, will evolve heat sufi&cient to raise 885 pounds 144^ 

At 68'60 miles — the weight of air is only 2 grains but its 
condensation will raise 885 pounds 144^ — ^and generally^ the same 
hJk of air is capable ofeffeciing the same result at any greater height^ 
fWfi to the eactreme limits of the atmosphere. 

Now let us suppose a meteoric stone one foot in diameter 
(weighing say two hundred pounds) to enter the atmosphere 
with a velocity of ten miles per second. 

In every mile that it travels, it meets with and condenses 
before it a bulk of air equal to our assumed unit of measure, 
which, compressed to the density of air at the surface of the 
earth, will give out heat enough to raise 885 pounds of air 144^. 
[o one second it passes through ten units, and the heat evolved 
will raise 885 pounds 1440^, or the weight of the stone — two 
handred poi^nds — 2412^, being more than sufficient to bring the 
whole mass to an incandescent state. 

But this heat is developed, not in the stone weighing 200 lbs., 
but in a body of air, the total weight of which is at most only 
a few grains. The intensity of the heat in this small mass must 
therefore be proportionally greater. The table shows that at 
the height of only 55 miles the heat is sufficient to raise the 
temperature of the whole mass of air encountered, more than 
nine million degrees ; and at greater heights the intensity will 
inorease in a geometric ratio, so that at 187 miles only it be- 
XMnes one hundred and fifty-eight millions of millions. 

It thus appears that we have the means of accounting for a 
mlliancy of any imaginable intensity — the greatest splendor heingj 
wiin the meteor, but in the air which surrounds it. 

Those particles of air which are in immediate contact with the 
tone (and those only) will of course part with a considerable 
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portion of their heat, which, as time is not afforded for it to pep 
trate the mass, must be expended in burning off or vaponzing 
the surface layer of the stone. The greatest elevation of temper- 
ature must evidently take place in the remaining portions of the 
air, which, retaining nearly the whole of the heat developed in 
them, will reach a state of the most brilliant incandesoenoe, the 
splendor of which will be vastly increased by the preaenoe of 
tne stony particles thrown off from the meteor. 

For convenience I have assumed that the air is in all oasei 
compressed to the density of that at the surface of the earth. 
Whilst this is doubtless sufficiently correct for the purpose (t 
illustrating the nature of the phenomena, it can of course lay no 
claim to accuracy. The density attained must vary with the 
height, velocity, &c. Again, the sudden elevation of tempeia- 
ture must generate an enormous elasticity which will tend to 
drive the incandescent particles outward from the axis of the 
meteor's path and thus limit the degree of condensation. 

In this way the most intensely brilliant particles must be 
directly in front of the meteor, streaming outward in all direo- 
tions. As these are left behind by the meteor in its flight thej 
must form a cylinder of fire ; but the expansion which imme- 
diately ensues, promptly cools it off, and as this cooling procea 
must begin at the surface of the cylinder and can only reach the 
axis at some distance in the rear of the meteor, it will evidently 
convert the cylinder into a luminous cone moving base-fbremort 
— far the greatest brilliancy being in the base itself. This i* 
precisely the form actually observed in the great daylight me- 
teors of 1859 and 1860 and in some others of the same class. 

The conclusion to which these considerations lead, is that the 
upper regions of the atmosphere, even to its utmost limits aie 
grand reservoirs of latent heat" most admirably adapted for the 

' Sir John Herschell in his "Outlirui of Attronomyr p* 617, My8,**TbelMit 
which they possess when fallen, the igneous phenomena which accompaQj tbenii 
their explosion on arriving; within the denser regions of our atmosphere, dbc., are>il 
sufficiently accountetl for on physical principles, by the condensation of the sir 
before them in consequence of their enormous velocity, and by the relations of air ■ 
a highly attenuated state to heat,"* and he refers to the £di7%biwrgh Reviewt J1B4 
1848, p. 195. The passage in the Review is as follows: 

** Arriving with planetary velocity at the confines of our atmosphere, when tki 
air is many thousand, i)erhap8 milliun times rarer than at the suriace of the earih, 
such a body would carry before it the air on which it immediately impinged, 00a- 
pressing it to an enormous relative extent against its own surface, before the ilir 
lute compression could reach such a point as to determine its lateral escape. V99 
it has been shown by Potsson {Ann. de Chim^ xziii, 341) that the latedt n^t of 1 
given weight of air is uire&ier, the lower the pressure under which it exists, i 
eiven quantity (by weight) of air, therefore, at tliose elevations contains more latMl 
heat than the same quantity at the earth's surface. When condensed, thereforp, 'i 
wUl give out more heat than would be elicited by the same extent of relctim en 
densation from air of ordinary density, which we know to be capable of prododii 
ignition, even under very moderate degrees of sudden compression. A tooite c 
sudden and transient heat of almost any conceivable intensity, is thus provided i 
immediate contact with the surface of the stone, whidi it would fuse and partial! 
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x>tectioii of the earth from coUiaion with bodies approaching 
with planetary velocity from without. The intruder is instantly 
UToanded with a fiery envelope heated to the greatest conoeiv- 
3le intensity, its surface is burned off or dissipated into vapor, 
le sudden expansion of the stratum immediately beneath the 
aming sur&ce tears the body into fragments, each of which, 
staining its planetary velocity, is instantly surrounded by a 
imilar envelope, which produces like effects ; and so on, until 
a most cases the whole is burnt up or vaporized. 

Of the vast number of meteors seen, and which may fairly 
» presumed to embrace great variety of material, but very few 
lie known to reach the earth, and these few are invariably found 
to be composed of the most incombustible substances — flinty 
nones or masses of iron. Such bodies may penetrate the whole 
kpth of the atmosphere with only a partial loss of substance, 
thilst those of a more combustible nature may be totally de* 
Btroyed during the flight of a few miles. 

faporiie, while the sudden and Tiolent expansion of the parts immediately beneath 
dtt Ibsed film most necessarily cause decrepitation and disruption of fragments. In 
Aort, there is no part of the phenomenon which this explanation does not reach. 
llira frictioa agidiist the atmosphere, as suggested by Poisson, seems quite insuffi- 
oni to prodooe incandescence." 

Ahbougb no numerical results are here given, it might be supposed that this 
•dele iDtidpates those giren above, but such does not appear to be the fact. 

The eoodusion to which the mathematical investigations of Poisson led him are 
thus amioonced {Ann, de Chim^ 1826, xxiii, 841). '* Whence we conclude in general, 

c = (0-2669)(-] * 

ud the value of c' can be deduced from that of e by dividing it by k. As this 
quotity k is greater than unity, we see that the necific heat of a gramme of air, 
M noeraUy of any gas whatever, will increase when the elastic force, p, becomes 

lo the aboTe, e represents the specific heat under constant pressure. 
e' ** " " volume. 



I 



** the pressure. 

'* " with barometer at 20*92 in. 



nd 1:=-: and assumed =1*8760. 



treats only of " specific heat,"* and makes no mention of " latent heat " in 
■T part of the article (' Sur la Chaleur des gaz et des vapeurs.') 
But eren overlooking this misquotation, and assuminc^, as the writer seems to 
lave done, that, for the object in view, " specific heat " and '* latent heat " mi^ht be 
ivated as convertible terms, the ratio of increase with the increase of height is 
Itofether too trifling to serve as the basis of any explanation of the phenomena in 
OBstioo. At the height of 41 miles, the specific heat, according to this formula, 
loakl be ooly ten times that at the surface of the earth ; whereas the latent heat 
i that height as above stated is 689680 degrees. 

Bulk fbrtaennore, Poisson's result was a mere theoretical deduction, which has been 
wed to be altogether erroneous by the experiments of Regnault, who has shown 
it the tpecific Heat it the tame for afl pressures ; so that the explanation as it 
lads ID the Keview appears to be entirely without foundation. 

kjif. Jour. Scl^-Sbcond Series, Vol. XXXVI, No. 106.— Jult, 1868. 
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If, 18 above maintained, the observed splendor is not due to 
the temperature of the meteoric bodies themselves, but to that df 
mere envelopes of air, brought to the most intense decree of in* 
candescence \>j the development of their latent heat, it is evident^ 
that, inasmuch as this heat is nearly constant for all consideraUe 
heights, the most splendid results must be developed in the raral 
portions of the atmosphere, because there the mass of the air to 
oe acted upon by this fixed amount of heat is least ; and that m 
we descena, a point mav be reached where the mass is so greit 
that the intensitv will iall short of that required to produce in- 
candescence, and all luminosity must instantlv cease. The me- 
teor will then have ^'entered a medium whicn has not thede* 
ments necessary to its continued brilliancy." 

The table shows that at the height of 10\ miles, with the 
assumed decree of condensation, the intensity will not exceed 
one thousand degrees, even without making any allowance for 
the portion of heat which must always w absorbed by the 
meteor itself. Luminosity must therefore cease above this limit^ 
and the meteor must perform the remainder of its journey to 
the earth as a dark body, unless the velocity be such as to pro- 
duce a much greater condensation. The daylight meteor of 
November 15, 1859, owin^ to its amaziuj; velocitv, passed thii 
limit, disappearing at the height of only six or eight miles with- 
out any perceptible diminution of velocity, but this is beliefed 
to be a rare instance. 

Whilst the luminous track of those meteors which have their 
paths directed downward is always cut short before reaching the 
earth, there are instances of very extended flights, in meteon 
moving more nearly horizontally. That of July 20th, 1860, wii 
seen to traverse the atmosphere more than a thousand miles, and 
finally disappeared in the distance over the Atlantic apparentlj 
without having become extinct. But this meteor had at no time 
an elevation less than forty miles, and therefore did not leave 
the medium which favored its continued brilliancy. 

The preceding views may be thought to imply that all me- 
teors should be seen the instant they enter the atmosphere, and 
consequently at a uniform elevation. But it must be remem- 
bered that tne extremely cold surface of the meteor (having die 
temperature of interplanetary space, say 100° below zero) must 
first be heated ; and the distance passed through before this is 
accomplished must depend upon the size and conducting power, 
but more especially upon the velocity of the body, and Ae 
results may therefore differ widely. 

A meteoric body of great conducting power and very mod- 
erate velocity might upon first entering the atmosphere absorb 
so large a portion of the whole heat developed, as to prevent the 
development of any luminosity until a very considerable depth 
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of lir had been traversed. On the other hand, we have in the 
great daylight meteor of 1859 an example of the effects of the 
most extreme velocity— probably between fifty and a hundred 
miles per second. This body became visible at a probable 
height of near two hundred miles, and exhibited a brilliancy 
almost if not quite equal to that of the sun, being a conspicuous 
object to persons who were more than two hundred miles from 
the nearest point in its path, and maintained its luminosity until 
within a few miles of the earth. 

Phllaaelphia, May 28, 1868. 
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L BoTAL Inrmmoif or Okkat Britain.— Friday, Jan. 28, 1868. 

1. On Radiation through the Earth^e Atmosphere ; by John TrNDALL, 
Bsq^ F.RS., Professor of Nat. Phil., Roy. Inst — Nobody ever obtained 
the idea of a line from Euclid's definition that it is length without breadth. 
The idea is obtained from a real physical line drawn by a pen or pencil, 
mod therefore possessing width ; the idea being afterwards brought, by a 
process of abstraction, more nearly into accordance with the conditions 
of the definition. So also with regard to physical phenomena ; we must 
help oarselves to a conception of the invisible by means of proper images 
derived from the visible, afterwards purifying our conceptions to the need- 
ful extent. Definiteness of conceptions, even though at some expense to 
ddicacy, is of the greatest utility in dealing with physical phenomena. 
Indeed it mav be questioned whether a mind trained in physical research 
eaa at all enjoy peace, without having made clear to itself some possible 
way of conceiving of those operations which lie beyond the boundaries 
of sense, and in which sensible phenomena originate. 

When we speak of radiation through the atmosphere, we ought to be 
tUe to affix definite physical ideas, to both the term atmosphere and the 
tsrm radiation. It is well known that our atmosphere is mainly com- 
posed of the two elements, oxygen and nitrogen. These elementary 
ttoms may be figured as small spheres scattered thickly in the space 
which immediately surrounds the earth. They constitute about 99^ per 
cent of the atmosphere. Mixed with these atoms we have others of a 
totally different character ; we have the molecules, or atomic groups, of 
carbonic acid, of ammonia, and of aqueous vapor. In these substances 
diverse atoms have coalesced to form little systems of atoms. The mole- 
cule of aqueous vapor, for example, consists of two atoms of hydrogen 
united to one of oxygen ; and they mingle as little triads among the 
monads of oxygen and nitrogen, which constitute the great mass of the 
atmosphere. 

These atoms and molecules are separate ; but in what sense ? They 
are separate from each other in the sense in which the individual fishes 
of a shoal are separate. The shoal of fish is embraced by a common 
medium, which connects the different members of the shoal, and renders 
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iDteroommunication between them possible. A medium also embraoM 
our atoms ; within our atmosphere exists a second, and a finer, atmo- 
sphere, in which the atoms of oxygen and nitrogen hang like suspended 
grains. This finer atmosphere unites not only atom with atom, but itsr 
with star; and the light of all suns, and of all stars, is in reality a fa*nd 
of music propagated through this interstellar air. This image must be 
clearly seized, and then we have to advance a step. We must not only 
figure our atoms suspended in this medium, but we must figure then 
vibrating in iL In this motion of the atoms consists what we call tbeir 
heat *^ What is heat in us,*^ as Locke has perfectly expressed it, '^itio 
the body heated nothing but motion.** Well, we must figure this motioi 
communicated to the medium in which the atoms swing, and sent a 
ripples through it with inconceivable velocity to the bounds of spsee. 
Motion in this form, unconnected with ordinary matter, but speeding 
through the interstellar medium, receives the name of Radiant Hest; 
and, if competent to excite the nerves of vision, we call it Light. 

Aqueous vapor was defined to be an invisible gas. Vapor was pe^ 
mitted to issue horizontallv with considerable force from a tube oonneoted 
with a small boiler. The track of the cloud of condensed steam w« 
vividly illuminated by the electric light What was seen, however, ms 
not vapor, but vapor condensed to water. Beyond the visible end ol the 
jet the cloud resolved itself into true vapor. A lamp was placed under 
the jet at various points ; the cloud was cut sharply off at that point, sad 
when the flame was placed near the efilux orifice the cloud entirely dSt* 
appeared. The heat of the lamp completely prevented precipitatioii* 

This same vapor was condensed and congealed on the surface of s 
vessel containing a freezing mixture, from which it was scraped in qusn* 
tities suflScient to form a small snowball. The beam of the electric lamp^ 
moreover, was sent through a large receiver placed on an air-pump. A 
single stroke of the pump caused the precipitation of the aqueous vapor 
within« which became beautifully illuminatefl by the beam ; while, upos 
a screen behind, a richly-colored halo, due to diffraction by the little closd 
within tlie receiver, flashed forth. 

The waves of heat speed from our earth through our atmosphen 
towards space. These waves dash in tbeir passage against the atoms of 
oxygen and nitrogen, and against the molecules of aqueous vapor. Thinly 
scattered as these latter are« we might naturally think meanly of them 
as barriers to the waves of heat We might imagine that the wide 
spaces between the vapor molecules would be an open door for the psi- 
sage of the undulations; and that if those waves were at all intercepted, 
it would be by the substances which form 99^ per cent of the whole 
atmosphere. Three or four years ago, however, it was fount I by the 
speaker that this small modicum of aqueous vapor intercepted fifteen 
times the quantity of heat stopped by the whole of the air in which it 
was diffused. It was afterwards found that the dry air then experimented 
with was not perfectly pure, and that the purer the air became the more 
it approached the character of a vacuum, and the greater, by comparison, 
became the action of the aqueous vapor. The vapor was found to act 
with 30, 40, 5Q, 60, 70 times the energy of the air in which it was 
diffused ; and no doubt was entertained that the aqueous vapor of the 
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T which filled the Royal lostitution theatre, during the delivery of the 
tfeoarse, absorbed 90 or 100 times the quantity of radiant heat which 
■a absorbed by the main body of the air of the room. 
Looking at the single atoms, for every 200 of oxygen and nitrogen 
icre is about 1 of aqueous vapor. This 1, then, is 80 times more pow- 
haX than the 200 ; and hence, comparing a single atom of oxygen or 
trogen with a single atom of aqueous vapor, we may infer that the 
tion of the latter is 16,000 times that of the former. This was a yery 
looishing result, and it naturally excited opposition, based on the 
liJoeophic reluctance to accept a result so grave in consequences before 
sting it to the uttermost From such opposition, a discovery, if it be 
orth the name, emerges with its fibre strengthened ; as the human 
laracter gathers force from tbe healthy antagonisms of active life. It 
as urged^ that the result was on the face of it improbable ; that there 
ere, moreover, many ways of accounting for it, without ascribing so 
lormous a comparative action to aqueous vapor. For example, the 
rlinder which contained the air, in which these experiments were made, 
as stopped at its ends by plates of rocksalt, on account of tbeir trans- 
irencj to radiant heat Rocksalt is hygroscopic ; it attracts the moist- 
re of the atmosphere. Thus, a layer of brine readily forms on the 
ii&oe of a plate of rocksalt ; and it is well known that brine is very 
npenrous to the rays of heat Illuminating a polished plate of salt by the 
leetrio lamp, and casting, by means of a lens, a magnified image of the 
late upon a screen, the speaker breathed through a tube for a moment 
a the salt; brilliant colors of thin plates (soap-bubble colors) flashed 
)rth immediately upon the screen — these being caused by the film of 
loistare which overspread the salt Such a film, it was contended, is 
vmed when undried air is sent into the cylinder; it was, therefore, 
be absorption of a layer of brine which was measured, instead of the 
hsoption of aqueous vapor. 

This objection was met in two ways. First, by showing that the 
tlates of salt when subjected to the strictest examination show no trace 
f a film of moisture. Secondly, by abolishing the plates of salt alto-> 
[sther, and obtaining the same results in a cylinder open at both ends. 

It was next surmised, that the effect was due to the impurity of the 
iondon air, and tbe suspended carbon particles were pointed to as the 
lase of the opacity to radiant heat This objection was met by bringing 
lir from Hyde Park, Harapstead Heath, Primrose Hill, Epsom Downs, a 
ield near Newport in the Isle of Wight, St Catharine^s Down, and the 
lea-beach near Black Gang Chine. The aqueous vapor of the air from 
iiew localities intercepted at least seventy times the amount of radiant 
keat absorbed by the air in which the vapor was diffused. Experiments 
Bade with smoky air proved that the suspended smoke of the atmosphere 
if West London, even when an east wind pours over it the smoke of the 
ity, exerts only a fraction of the destructive powers exercised by the 
Bttsparent and impalpable aqueous vapor diffused in the air. 

The cylinder which contained the air through which the calorific 
lys passed was polished within, and the rays which struck the interior 
irfisce were reflected from it to the thermo-electric pile which measured 
le rmdiation. The following objection was raised : — You permit moist 
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air to enter your cylinder; a portion of this moiBtare is condoised ss s 
liquid film upon the interior surface of your tube ; its reflective pow« 
is thereby diminished; less heat therefore reaches the pile, and yoi 
incorrectly ascribe to the absorption of aqueous vapor an elfoot which 
is really due to diminished reflection of the interior sur&ce of you 
cylinder. 

But why should the aqueous vapor so condense f The tube widm 
is warmer than the air without, and against its inner surface the ray* of 
heat are impinging. There can be no tendency to condensation nndsr 
such circumstances. Further, let five inches of undried air be sent into 
the tube — that is, one-sixth of the amount which it can contain. Than 
five inches produce their proportionate absorption. The driest day, oa 
the driest portion of the earth^s surface, would make no approadi to 
the dryness of our cylinder when it contains only five inckes of sir. 
Make it 10, 15, 20, 25, 30 inches : you obtain an absorption exsctly 
proportional to the quantity of vapor present. It is next to a phyaioil 
impossibility that this could be the case if the effect were due to eoa- 
densation. But lest a doubt should linger in the mind, not only wait 
the plates of rocksalt abolished, but the cylinder itself was dispensed vithi 
Humid air was displaced by dry, and dry air by humid in the free stmo- 
sphere ; the absorption of the aqueous vapor was here manifest, as in ill 
the other cases. 

No doubt, therefore, can exist of the extraordinary opacity of ikii ^ 
substance to the rays of obscure heat ; and particularly such rays ai sn 
emitted by the earth after it has been warmed by the sun. It is perfeedj 
certain that more than ten per cent of the terrestrial radiation fraA 
the soil of England is stopped within ten feet of the surface of the nil 
This one fact is sufficient to show the immense influence which tUi 
newly-discovered property of aqueous vapors must exert on the pheio- 
mena of meteorology. 

This aqueous vapor is a blanket more necessary to the vegetable lib 
of England than clothing is to man. Remove for a single summer-night 
the aqueous vapor from the air which overspreads this country, and joa 
would assurer] ly destroy every plant capable of being destroyed by s 
freezing temperature. The warmth of our fields and gardens woaM 
pour itself unrequited into space, and the sun would rise upon an iilind 
beld fast in the iron grip of frost The aqueous vapor constitute! ■ 
local dam, by which the temperature at the earth's surface is deepened: 
the dam, however, finally overflows, and we give to space all that we 
receive from the sun. 

The sun raises the vapors of the equatorial ocean ; they rise, but for 
a time a vapor screen spreads above and around them. But the higher 
they rise, the more they come into the presence of pure space, and when, 
by their levity, they have penetrated the vapor screen, which lies does 
to the earth'8 surface, what must occur? 

It has been said that, compared atom for atom, the absorption of aa 
Atom of aqueous vapor is 16,000 times that of air. Now the power 
to absorb and the power to radiate are perfectly reciprocal and pro- 
portional. The atom of aqueous vapor will therefore radiate with 
16,000 times the energy of an atom of air. Imacrine then thia powe^ 
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vl radiaot in the presence of space, and with no screen abore it to 
:heck its radiatioD. Into space it pours its heat, chills itself, coDdenses, 
md the tropical torrents are the consequence. The expansion of the 
UTv no doubt, also refrigerates it; but in accounting for those deluges, 
Jia chilling of the vapor by its own radiation must play a most import- 
int part. The rain quits the ocean as vspor ; it returns to it as water. 
Sow are the vast stores of heat set free by the change from the vaporous 
o the liquid condition disposed of? Doubtless in great part they are 
VMled by radiation into space. Similar remarks apply to the cumuli of 
Mr latitudes. The warmed air, charged with vapor, rises in columns, 
» as to penetrate the vapor screen which hugs the earth ; in the pres- 
awe of apace, the head of each pillar wastes it heat by radiation, con- 
leoaea to a cumulus, which constitutes the visible capital of an invisible 
Dolomn of saturated air. 

NnmberlesB other meteorological phenomena receive their solution, 
bj reference to the radiant and absorbent properties of aqueous vapor. 
li ia the absence of this screen, and the consequent copious waste of 
beet, that causes mountains to be so much chilled when the sun is with- 
drawn. Its absence in Central Asia renders the winter there almost 
mendurable; in Sahara the dryness of the air is sometimes such, that 
IhoDgh durinff the day " the soil is fire and the wind is flame,'* the chill 
at night is pamful to bear. In Australia, also, the thermometric range 
is enormous, on account of the absence of this qualifying agent A 
deer dej, and a dry day, moreover, are very different things. The 
atmosphere may possess great visual clearness, while it is chai^^ with 
aqoeoua vapor, and on such occasions great chilling cannot occur by 
terreatrial radiation. Sir John Leslie and others have been perplexed 
by the varying indications of their instruments on days equally bright — 
bnt all these anomalies are completely accounted for by reference to this 
newly-discovered property of transparent aqueous vapor. Its presence 
would check the earth's loss ; its absence, without sensibly altering the 
timnsparenc^ of the air, would open wide a door for the escape of the 
earth s heat into infinitude. 

IL PftooEsoiifQs or THE RoTAL SocnTT, VoL. zu, No. M. 

%,Onth/$ Photograpkie Transparency of various Bodtes^ and on ike 
Photographic Effects of Metallic and other Spectra obtained by means of 
tkt Electric Spark ; by Prof. W. Allkn Millkr. — In this paper the au- 
thor pursues an inquiry the commencement of which was communicated 
to the Chemical Section of the British Association last year. Owin? to 
te employment of a prism of bisulphid of carbon, he was then lea to 
believe that the photographic effects of the electric spectra produced by 
tk different metals were in a great degree similar, if not identical. Sub- 
nqaent investigations have, however, shown him that the absorbent ef- 
MS of the bisulphid upon the chemical rays are so great, that the con- 
dsMons then drawn from observations made by this refracting medium 
require very considerable modification. Notwithstanding the great length 
of the chemical spectra obtained by the aid of the bisulphid, not more 
than ome-nxih or one^eventh of the true extent of the spectrum produced 
bj the electric spark between various metals is procured, as may be shown 
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by oompsring the ftpecirum with one of the same metid fninished bj the 
iiM of a lenft Ami prism of rock-crystal. 

Kock-cryslal, however, possesses but a comparatively small refractifs 
and diflperMvo p^wer, whilst it almost always affords some trace of double 
refraction in one portion or other of the spectrum procured by itAraesin 

In searcbing for some singly refracting medium which should ponw 
sufficient refractive and dis{)ersive power to enable it to be used advanta- 
geously in the construction of lenses and prisms suitable for this inqoirj, 
the author was led to examine the photographic absorption of a variety 
of colorless substances which appeared perfectly transparent to the Inoiih 
ous rays. The experiments detailed in the first portion of the preient 
pa|)er refer to this abHorlnsnt action of various media upon the chemical 
rays of the N[>ectrum ; whilst the second portion of the paper is derotsd 
to a description of the electric spectra of some of the more importaM 
elementary bodies, and the effect of varying the gaseous media in wliich 
the sparks prmlucing these spectra are made to originate. 

(I.) The Photographic Transparency of Bodies. — In the experimenti 
upon the absorlnsnt action of the different media, the source of light em- 
Ivloved wiiH the electric spark obtained between two metallic wires (g^ 
erafly of fine silver), connected with the terminals of the secondaiywim 
of a ten*inch induction-coil. The light, after passing through a narrow 
vertical slit, either before or after traversing a stratum of the material the 
rhoniical transparency or diactinic quality of which was to be tested, wm 
alhiwed to fall u|H>n a quartz prism placed at the angle of minimum de- 
viation for the moan of the refracted rays. Immediately behind thiawai 
a Ions of rock-crystal, and behind this, at a suitable distance, the spec- 
truui was rtHH>ivcil uihhi a collodion-film coated with iodid of silver; 
this suptHirtod in tho frame of a camers, and after an exposure, generally 
lasting for rive minutea, the image was developed by means of pyrogallic 
aoid, ami fixe^l with cyanid of potassium. 

Tho k^Mieral results of these experiments were as follows : — 

I. i'olorU^M luxlies, which are equally transparent to the visible rayi^ 
vary ^rttatly iu |H*nneability to the chemical rays. 

U. lUnliivi whioh art« photographically transparent, in the solid form, 
pnvMorvo (hoir trniis|virtMu*y in the liquid and in the g:aseou8 states. 

«t. WlorU«M trMi>»partMU jk>iid«« which exert a considerable photographic 
aUorption, pnv^kMvo iheir al>H>rptive action with greater or less inteosity 
Mh ut tho liquid and (he g:L^H>us states^ 

\V bother \\w ^>Mii(vun\l is liquefied by heat or dissolved in water, theN 
^MUoUiAioiM M^invtiuj; li^|uid» are equally true. The perfect permeability 
**!' %iau»r to k\w o!iom;ojil ravs^ v.vr.'oiaed with the circumstance that in no 
tiiMAiuv %lvHVi tlu* prvw's.^ i.^" jkvu::on seem to interfere with the special ac- 
lu»H M|SM» tho ttKv,ioui rAv* .»t ;;;e 5ul>^:acce dis^lved. renders it practioa- 
Wo u^ ^uSmvi tv* ih:* tiw^: a jtva" nurnbvr of bv>di« which it would other- 
^\^o ls» u«nsvcN»y.o •,vji„-N,^.j 5^^ ,\.^ »ivcie* of experiment on account of 
iho owtxMtu^ xi'.rt^xulty x<' obcA-.aiP^ '.hem in crrsiais of sufiicient use and 

*iU4, ^ , vv»\ x\^!<ns^: \- ^f.r.N. ve^i :o vv-:aia the liquids during the trial. 
H»»u ^ 4VV ,:^.«:, V^V^ ^ . . i^v.^e:.- 'ir, rU:e-«:a^ window-sheet, and 
ba» vMx X o: ; .A. j;.4^ A . .,^.:.. -^ ;;^ .. .^^^rs, shorten the spectrum b] 
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three-fifths to fbar-fifths or even more of its length. Mica produ- 
limilar efiect Indeed, the only substance which the author found 
be employed with advantage is rock-crystal cut into thin slices and 
ed. The value of this material in researches upon the more refrangi- 
id of the spectrum was pointed out by Prof. Stokes and Ed. Beo- 
1 several years ago. In order to hold the liquids for experiment, a 
trough was prepared by cutting a notch in a thick plate of plate- 
the sides being completed by means of thin plates of quartz, which 
pressed against the ground surfaces of the plate-glass by the aid of 
5 bands of caoutchouc ; a stratum of liquid of 0*75 inch in depth 
bus obtained for each experiment. 

e substances which, after atmospheric air and certain other gases, 
loet perfectly diactinic, are rock-crystal, ice, as well as pure water, 
rhite fluor-spar. Rock-salt is scarcely inferior to them, if at all. 
follow various sulphates, including those of baryta, and the hydra- 
ilphates of lime and magnesia, as well as those of the alkalies. The 
nates of the alkalies and alkaline earths, as also the phosphates, ar- 
;eB, and borates, are likewise tolerably transparent, though saturated 
0118 of. phosphoric and arsenic acids exerted considerable absorbent 
r ; 80 also did those of the alkalies, potash, and soda, possibly from 
reaence of a trace of some foreign coloring matter, as those liquids 
Ji extremely faint greenish tinge. 

8 soluble fluorids, as well as the chlorids and bromids of the metals 
) alkalies and alkaline earths, are freely diactinic, but the iodids are 
less so, and exhibit certain peculiarities. All the organic acids and 
salts which were tried by the author exerted a marked absorbent 
1 upon the more refrangible rays. Amongst those subjected to 
iment were the oxalates, tartrates, acetates, and citrates, those 
ioned first in order having the greatest absorbent action. It is, 
7er, much more difficult to obtain organic compounds in a state 
rity sufficient to furnish trustworthy results, than is the case with 
ilta of the inorganic acids. The author, therefore, expresses himself 
more reserve upon some of these organic bodies, particularly the 
tea, than in other cases. The different varieties of sugar are freely 
nic. 

Qongst the salts of inorganic acids, the nitrates are the most remark- 
for their power of arresting the chemical rays. A solution of each 
ese salts, in all the instances tried, cut off all the more refrangible 
and reduced the spectrum to less than a sixth of its ordinary 
h. The chlorates, however, do not participate in this absorptive 
r to nearly the same extent. 

though the sulphates, as a class, are largely diactinic, the sulphites 
luch less so; and the hyposulphites cut off about three-fourths of 
ingth of the spectrum, leaving only the less refrangible portion, 
eighteen different liquids tried by the author, two only can bo re- 
id as tolerably diactinic, viz: water, which is eminently so, and abso- 
Jcohol, which, however, exhibits a considerable falling off. The 
a which follow are mentioned in the order of their chemical trans- 
cy, those most transparent being mentioned first: — Dutch liquid, 
>form, ether ; then benzole and distilled glycerin, which differ but 
JouB. 8cL— Second Series, Vol. XXXVI, No. 106.— July, 1863. 
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little ; then fusel oil, wood-spirit, and oxalic ether, which are aho nearly 
alike ; acetic acid, oil of turpentine, glycol, carbolic acid, liquid paraffin, 
boiling at 360^ F., and bisulphid of carbon. Finally, terchlorid and oxy- 
chlorid of phosphorus, although perfectly colorless and lioapid, arrest all 
the chemical rays. 

The experimunta upon aeriform bodies yielded important results; tbey 
show but little coincidence with those of Tyndall on the absorptive power 
of the gases for radiant heat These experiments were made by interpo- 
sing in the track of the ray between the venical slit and the quarti prism, 
a brass tube two feet long, closed at each end air-tight by means of a 
plate of quartz. Each gas or vapor in succession was introduce into the 
tube, and the results compared with those produced by causing the rays 
to traverse the tube when filled with atmospheric air. 

Amongst the colorless gases, oxygen, hydrogen, nitrogen, carbonic 
acid, and carbonic oxyd exhibit no absorptive power. 

Olefiant gas, protoxyd of nitrogen, cyanogen, and chlorhjdric add 
exert a slight but perceptible absorbent efiVct But in the case of cotl- 
gas the absorptive action is extremely marked, the more refrangible half 
of the spectrum being cut off by it abruptly. The absorption exerted by 
sulphurous acid is still more powerful and as sharply defined; aulpharet- 
ted hydrogen and the vapor of bisulphid of carbon exhibit a atill mora 
decided aWrbent action ; the effect of the terchlorid and oxychlorid of 
phosphorus is not less marked. This absorbent action of these difierent 
compounds of sulphur and phosphorus is very striking. 

Coal-gas appears to owe its remarkable power of arresting the ehem- 
ical rays to the presence of the vapor of benzol and other heavy hydnh 
carbons ; since the vapor of benzol at 65% diffused to saturation throngh 
a column of atmospheric air two feet long, exerts a still more poweiSil 
absorbent effect than coal-gas. 

On the other hand, the effect of a similar arrangement, in which the 
vapor of ether, of chloroform, and of oil of turpentine was snbetituted 
for that of benzol, gave effects which, though perceptible, were much Icm 
marked. An arbitrary scale is laid down, by which a comparative esti- 
mate of the absorptive power of each compound, whether solid, liquid, 
or gaseous, may be effected with tolerable accuracy. 

With a view of facilitating the production of a spectrum on a fiat 
field, at a uniform distance at all points from the prism, the author insti- 
tuted a series of experiments, in which a small metallic speculum was sub- 
stitute<l for the lens of rock-crystal ; but the loss of chemical power in 
the reflected rays was so considerable, and this loss occurred so unequally 
at different points, that the method was abandoned. The results of the 
photographic action of light reflected at an angle of 45^ from the pol- 
ished surface of several of the principal metals is given. The reflection 
from gold, although not very intense, was found to be more uniform in 
quality than that from any other metal that was tried. Burnish'sd lead 
also gave very good results. The reflection from silver is' singularly 
deficient in some portions of the less refrangible rays, although in most 
other parts the reflection is tolerably perfect, except for rays of extremely 
high refrangibility. 
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9. The EUeiric Spectra cf the If€kU$.-^The autlior proceeds then to 
detail his experiments upon the spectra obtained by causing the sparks of 
the secondary current from the induction-coil to pass between electrodes 
composed of various elementary substances, and he gives photographs of 
the impressions obtained from collodion negatives of a considerable num- 
ber of different elementary bodies. The spectra were procured by ar- 
'MgT''^ ^ quartz-train in the manner already described. Among the 
eleaients so examined are the following : — 

Platinum, Arsenic, Copper, 

Palladium, Tellurium, Aluminum, 

Gold, Tungsten, Cadmium, 

Silver, Molybdenum, Zinc, 

Mercury, Chromium, Msgnesium, 

Lead, Manganese, 8odium, 

Tin, Iron, Potassium, 

Bismuth, Cobalt, J Graphite, and 

Antimony, Nickel, ( Gascoke. 

The commencement of each spectrum in its less refrangible portion is 
Mular in nearly all cases; and, as it is this portion only which is trans- 
aittible through bisulphid of carbon, this circumstance explains the sim- 
ilarity of all the spectra procured by the author from different metals in 
hb earlier experiments, already laid before the British Association. In 
(he more refrangible parts of the spectrum, great and characteristic differ- 
ooes between the results obtained with the different metals are at once 
lunilest. In some cases, as in those of copper and nickel, the action is 
greatly prolonged in the more refrangible extremity, whilst tlie intense 
aad highly characteristic spectrum of magnesium is much shorter. 

In many cases, metals which are allied in chemical properties exhibit a 
certain similarity in their spectra. This occurs, for example, with the 
aigDetic metals, iron, cobalt, and nickel, and with the group embracing 
bnmath, antimony, and arsenic. The more volatile metals exhibit gener- 
ally the most strongly marked lines. Cadmium, for instance, gives two 
iateose groups. Zinc, two very strong lines near the less refrangible ex- 
tremity, three near the middle, and four nearly equidistant lines towards 
tbe termination of the more refrangible portion; whilst in the spectrum 
<i msgnesiura the chemical action is almost suddenly terminated near 
tke middle by a triple group of very broad and strong lines. 

It will be observed, on examining the photographs of these spectra 
of the various metals, that the impressions, particularly in the more re- 
^gible portions, consist of a double row of dots, running parallel with 
tbe length of the spectrum, and forming the terminations of lines rather 
tbas lines themselves, as though the intense ignition of the detached par- 
tieles of metal, necessary to furnish rays capable of exciting chemical 
action, had ceased before the transfer of these particles to the opposite 
efactrode had been completed. 

If each electrode be composed of a different metal, the spectrum of 
each metal is impressed separately upon the plate, as is evident on exam- 
iainf[ the photographs. 
When alloys are employed as electrodes, the spectrum exhibited is that 
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duo to botli the metals ; but if the metals made use of are approzimap 
tively pure, the spectrum is hardly to be distinguished from that of the 
pure metal. In the case when alloys are used as electrodes, it is not al- 
ways the more volatile metal which impresses its spectrum most stroDgiy. 
A specimen of brass, for example, containing 38 per cent of zinc, gifea 
spectrum which could not be distinguished from that of pure copper, 
though an alloy of three parts of gold and one of silver gave a spectnun 
in which the linos duo to silver predominated. 

The author then proc^^eds to describe a number of experimentB npoo 
the transmission of sparks between electrodes of different metak in a 
current of several different gases. The apparatus employed consisted of 
a glass tube ; into the side an aperture was drilled, which could be closed 
by a plate of (juartz ; the ends of the tubes were closed by ground bratt 
plates, each supporting a pair of brai>8 forceps, into which the electrodcf 
were tilted ; through the axis of the tube a current of each gas was tram- 
raitted at the ordinary atmospheric pressure. 

Among the gases thus tried wore hydrogen, protoxyd of nitrogen, ca^ 
bonic acid, carbonic oxyd, olefiant gas, marsh-gas, cyanogen, aulphunl* 
ted hydrogen, sulphurous acid, nitrogen, and oxygen. The spectrum ob* 
tained from the same motal varied considerably in these different media. 
In hydrogen, the intensity of the spectrum was greatly reduced, and the 
more refrangible rays were wuniing, but no new rays made their appea^ 
ance. In carbnnio aeiil, carbonic oxyd, defiant gas, mareh-gas, and cy- 
antigen, the special linos due to tlie metal were produced, but in each a 
scries of identical lines appeared, and these new lines were referable to 
the carl)on contained in each of these gases. Each gas exhibits special 
lines which are continued across the spectrum, and are never internipted 
like those of the metals. 

The autiior ol«erved that many of these gases, such as protozyd of 
nitrogen, olilorhydrio and sulphurous acid, presented a considerable ob* 
ataete to the piissage of the sparks from the induction-coil. 

4. Ofi the Long Sjhctrum of Electric Lipht ; by Professor Geomi 
<T. SroKts. — 'J'ho author's researches on fluorescence had led him to 
perceive that glass was opaque for the more refrangible invisible ra^ 
of tho solar spectrum, and that electric light contained rays of still 
higher refrangibillty, wliioh were quite intercepted by glass, but that 
quartz transmitted these rays tWely. Accordingly he was led to procure 
prisms and a lens of quartz, which, when applied to the examination of 
the voltaic arc, or of the discharge of a Leyden jar, by forming a poie 
B}Hvtrum and receiving it on a highly fluorescent substance, revealed the 
existence of rays forming a spectrum no less than six or eight timaai 
long as the visible sjH'oirum. This long spectrum, as formed by the 
voltaic arc with oopjvr e]ectr<.Kles, was exhibited at a lecture given at the 
Koyal histitutivMi in ISo't : but t!ie author, for reasons he mentioned, did 
not then furilior pursue the subjoo:. * * 

* * AuuMiiT the uu'tal^ exaniinoi. the author had found aluminum 
the riohe*t in invisible rays of extreme rofningibi lily ; and accordingly 
aluminutn eleotr^xles were employed wIku the deportment of such 
r,*ivs had to Iv sjvoially e\:unincd. As the bright aluminum lines of 
high refr.'ingibility do not m>j>ear ;o have l^ecn taken by photography, a 
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drawing of the aluminum spectrum is given, with zinc and cadmium 
for comparison. 

The author has also described and figured the mode of absorption of 
the invisible rays by solutions of various alkaloids and glucosides. Bodies 
of theae classes, he finds, are usually intensely opaque, acting on the 
inviaibJe spectrum with an intensity comparable to that with which col- 
oring matters act on the visible. This intensity of action causes the 
cflfect of minute impurities to disappear, and thereby increases the value 
of the characters observed. It very often happens that, at some part or 
other of the long spectrum, a band of absorption, or maximum of opacity, 
occurs; and the position of this band affords a highly distinctive charac- 
ter of the substance which produced it 

Among natural crystals, besides the previously known yellow uranite, 
the author found that in adularia, and feldspar generally, a strong fiuo- 
rooence is produced under the action of the rays of high refrangibility, 
referable not to impurities, but to the essential constituents of the crystal. 
A partiealar variety of fluor-spar shows also an interesting feature, though 
in this case referable to an impurity, exhibiting a well-marked reddish 
flooresoence under the exclusive influence of rays of the y^ry highest 
refrangibility. This property renders such a crystal a useful instrument 
of research. 

With some metals broad, slightly convex electrodes were found to have 
a great advantage over wires, exhibiting the invisible lines far more 
strongly, while with some metals the difference was not great 

The blue negative light formed when the jar is removed, and the 
skotrodes are close together, was found to be exceedingly rich in invisible 
rays, especially invisible rays of moderate refrangibility. These exhibited 
lines independent of the electrodes, and therefore referable to the air. 
This blue light has a very appreciable duration, and is formed by what 
the author calls an arc discharge. 

The paper concludes with some speculations aa to the cause of the 
superiority of broad electrodes, and of the heating of the negative 
stectrode. 

h. On the Beflexicn of Polarized Light on Polished Surfaces ; by the 
Bev. Samuel Hauohton. — When a plane-polarized beam of light is in- 
odoit on a polished surface at a certam angle of incidence, and polarized 
in s certain azimuth, the reflected beam of light is circularly polarized. 

The tangent of this angle of incidence is called by the author the 
Coefficient of Refraction, and upon it appears to depend the brilliancy 
of a polished surf&ce. 

The cotangent of the azimuth of incident polarization is called the 
Coefficient of Reflexion, and upon it appears to depend the rich lustre^ 
itrikingly exhibited in polished copper and gold. 

The paper contains an account of the experiments made to determine, 
vitb precision, these constants for the following substances : — 

A. Transparent Bodies. 

1. Mooicfa glass (a). 4. Fluor-spar. 

2. MuDich glass (6). 5. Olass of antimony, 
a. Paris glass. 6. Quartz crystal. 
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B. PunlfttaU. 
1. Silver. 7. Ziaa. 

S, Gold S. LouL 

8. Uarmrr. S, BUmnth. 

' "'- 10. Tin. 

II. IroD Mid tUmL 



1. Copper ud tia (ipeculum meUI). 9. Copper and ifaM (.tOi-fJ 

3. Copper Md(iiM()OCu+Za>. la ' ' [iOM 
». - - (DCu-l-Zn). 11. *■ " (CD4il 

4. " ■' (SCu+Zn). 18. - - (Cn-t-fl 
6. " - (7Cu+Zn). 18. " - (Co+ti 
fl. " " (6Cu+Zn). 14. « - ((Vf* 
1. " * (8Cu+Zn). IB. " ■ (Cn+d 

5. ■ " (4Co+Zn). 

The deterraiDatioD of th« optical constants of tfaeae aubatutco lufe 
to many interesting concluiions ; among nhich the following nuf k 
■Uted :— 

1. That Transparent bodies, as well as metals, posseas a coeffieiedtrf 
reflexion, which is sometimes very sensible, although there are bodiail 
which it is very small. 

2. That Silver is the only substance which posseiaea the qaalitin d 
brilliaitcy and luilrr, represented by the coemdents of refraction si 
reflexion, in a high degree. 

3. or the metals which have high bri'llianey and little iMilnmxjh 
named Mercury, Palladium, Zinc, imd Iron. 

i. Of the metaU which have high lattrt and little brilliant llieNi 
cnly two, Oold and Copper. 

6. Results of the highest interest appear from an examinatioB ef lb 
optical constants of the alloys of copper and tine, which cannot begin 
in an abstract. 

6. In the details of the several experiments, the author calls 
to several remarkahle laws, or indications of laws, which appear to luM 
to require some notice from theoristn. 

a. When the azimuth of the incident beam is leas tlian the ciia 
limit, the aiis mnjor of the reflected ellipse, at the principal incidei 
lies in the plane of incidence ; but when the azimuth it greater than 
orcular limit, it is perpendicular to the plane of incidence, and n A* 
incidence varies, the axis major twice approaches to a minininm dinuol 
from that plane. 

h. lliere appears to the author to be some indication in the experi- 

menta on metals, that the quantity known to theorists » (-} 

fnndion of the incidence only ; a conclusion which, if oorrect, wooU 
re<fuire the intervention of a third v&ve suppressed, or aome anch ths»- 
reiical supposition, to account for iL 
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SCIENTIFIC INTELLIGENCE. 

L PHYSICS. 

1. Oermbart Electroscope. — Prof. Kobbll made an interestiDg com- 
naaicatioD to the roatheraatico-pliysical class of the Bavarian Academy 
of Sciences, in their session of Jan. 10th, 1863, on the electroscopic prop- 
erties of the so-called ^* Gemsbart,^ a name given by the Alpine hunters to 
the long hairs which grow along the back of the male Chamois in the au- 
teiDD of the year, and are well known as the trophies with which the Ty- 
loleee hunter decorates his hat. These hairs from a four years^ buck reach 
the length of six inches and more, are very fiue and generally terminate 
h a white point. If several are taken together by the root and stripped 
through the fingers, they repel each other to a great distance ; if held by 
the points and rubbed towards the roots, a similar but weaker effect is 
produced. The electricity in the former case is positive, in the latter 
negative, and the hairs thus become respectively -f* ^^^ ** indicators. 
This property adapts them in an eminent degree to the purposes of an 
electroecope, being more sensitive than the usual Ilauy^s apparatus. 
For use they are fastened with wax to a glass or sealing-wax rod. 

If the plane of a crystal, in which electricity has been excited by fric- 
tioii, pressure or heating, repels one of these indicators, the kind of elec- 
tricity is €0 ipso determined, and also the fact that the body is an insnlator. 
V OM of the indicators is attracted, the electricity is either the opposite, 
(m which case the other indicator is to be applied) or the body is non- 
electric If both are attracted, the body is either non-electric, or a good 
eooductor, in which latter case it must be insulated. To determine the 
poles of a thermo-electric crystal, it suffices to hold it between the thin 
points of an elastic steel forceps ending in a wooden handle, and then to 
examine it with the stronger -f- indicator, which has to be drawn through 
the fingers from time to time. By this method the poles of small crystals 
of boracite, thin needles of scolezite, calamine and Brazilian topaz were 
easily determined, small crystals generally giving a more constant and 
decisive reaction than larger ones. 

Highly electric crystals, as those of tourmaline, often show the poles 
plainly, even after they have become perfectly cool externally. For their 
eiaiDination it is most convenient to attach the hair in the middle with 
vax to a Hauy's needle, and at right angles to the same, and then in the 
Ansaid manner to excite the opposite electricities in the two ends, wheo 
the brass needle is immediately set in motion upon the approach of the 
eieetric tourmaline, and the poles can be distinctly shown by alternate 
npulsion and attraction. 

The two-fold electricity of such a hair is evidently connected with itsr 

itroctare, for it is smooth from root to point, and feels rough in the 

opposite direction. This is corroborated by the fact, that, if .a hair by 

mqnent use has been made smooth in the latter direction, it changes 

its negative electric character into the positive. This occurs after about 

one hundred experiments, when it can no longer be used as an — indicator* 

Prof. Bischof, who examined the hairs with the microscope, states thai 

they have a highly developed epithelium, while the fibrous cortical sub- 

ftanoe is subordinate, and is almost entirely wanting towards the lower 

part, where it is replaced by the epithelium. The cortical fibres, as usual, 
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contain the piflrment. They are di8tingui»hed by the large proportion of 
pith, which hegins a short distance from the point and very soon oonati' 
tutCM almoftt thti entire thicknesA of ihe hair. The pith consists of large 
polygonal celh. Thus tlie opposite electrical state of the two ends maj 
possibly be caused by the prevulence of the cortical fibre in the upper 
and of the pithy substance in the lower part, this pith being filled with 
air ccils. 

Prof. Kol>ell considers a closer study of the electrical properties of 
crystals, induced by friction, very desirable ; he recommends the on of 
deer-skin stretched over a wooden pestle as a rubber, giving it the preffl^ 
enco over woolen and silk on account of the frequent admixture of tin 
latter with other fibre. Employing this rubber, (and in case of thin 
laniiiias, as those of mica, merely the dry fingers,) and then examioinf 
the electricity with the ^* Gemsbart,'* he has made the following electrical 
grou])s of minerals: ' 

I Group. Good insulators i 

When rubbed attract the indicator. 

1. Div. Electro-pontive insulators 

repel the -|- indicator. 

Calcite, arogonite, fluor, barytes, glauberite, gypsum, anhydrite, apstitflr 
quartz, topaz, emerald, grossular, idocrase, kyanite, orthoclase, aIbite,tom^ 
maline, axinite, zircon, muscovite (Grafion, N. H.), spinel, alum, lOck' 
salt, etc 

2. Div. Electro-negative insulators 

repel the •*• indicator. 

Talc, sulphur, orpiment, amber, asphaltum. 

II Group. Good conductors. 

Do not attract the indicator, and are coated by metallic copper, whtf 
immcrsoil with a zinc holder in a solution of sulph. copper. Graphitii 
gold, silver, galena, pyrites, mispickel, chalcopyrite, cobaltine, smaltiiiif 
magnetite, etc 

III CiRoi'P. Bad conductors and had insulator as oompand witk 

Group IL 

Do not attract the indicator, or only feeblv, and are not coated witb 
oop|H*r if troatod ius in Group IL 

Diamond, ivlostino, alinandinc melanite, biotite and phlogopite, ripido- 
lito and oliuivhloro, )>ennine, analcime, sphene, stibnite, hematite, frank' 
linito, zinkonito, jamosi^nite, chromic iron, red copper, pyrolusita, mail' 
ganito, psilomolano. hnusmannite. 

'V\\ dotormino the kind of olootricity of Groups II and III, the mineiab 
must bo insulated ; this is rcadilv done bv fastening them with wax OD 
tho ouvl of a j;l:iss nxi of sutHoiouc diameter, taking care that the face U> 
1h« rubUsI prv'jivt^ far enough K\vond the wax, to prevent the rubber 
fr\uu CfMiiinc in contact with tho latter. 

In tho o\an\ination v>f small crystals, it is often convenient to mount 
thotn on wax, thori'by insulating them to determine whether the min- 
oral lvlonj;s to tirvuip I, v^r is near iu it is only necessary, after robbing 
it, to (oiu>i\ a VAW of tho crystal v^ith the finger, when if it be a good 
iuKuUtor it will not k\>se it* clcciriciiT. w. i. B, 
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CcmductibiUty and specific heat of Thallium. — Ds la Rivb has 
ared the conducting power of thallium with that of mercury by the 
>d of Wheatstone. The density of the metal was found to be 
3 at 11^ C^ which agrees well with the determination of Lamy, 
iy, 11,862 at 0^ ; the density of the wire is 11,808. The conducting 
r of silver being taken as 100, that of mercury is 1*63, and that of 
urn 8'64, a value which lies between those for lead and titi, and which 
loh lower than the corresponding values for the alkaline metals, 
pecific heat of thallium was found by Regnault to be 0*03355, as a 
of two experimentts. The product of this number by the equiva- 
(04, gives 85*55, half of which is 42*77, so that thallium m ita 
lie relations is associated with the alkaline metals, and the formula 
protoxyd should be T^O if potash is written K2O. -^Comptee Benduif 
17 and Ivi^ 588. w. o. 

II. CHEMISTRY. 

On the tungstates, fluo-tungstates and silica-tungetatee. — Marionac 
ommunicated the results of an extended study of the tungstates, a 

of salts exhibiting remarkable anomalies in constitution. The 
)r finds the results of Scheibler in regard to the meta-tungstates to 
>rrect. These salts may all be expressed by the general formula 
iWO ^-{^xaq, and the acid in them is not precipitated by stronger 
. The ordinary tungstates contain the insoluble modification of 
itic acid. They are frequently very complex in constitution, and 
ir to be in the^e cases cx)mpounds of bi-tungstates and ter-tung^ 
L One class of these salts was distinguished by Laurent under the 
t of paratungstates, and possess, according to that chemist, the general 
ila 5RO, 12 WO 3. Lotz and Scheibler gave them the general 
ala 3RO, 7 WO 3, but Marignac is disposed to return to the formula 
larent, considering the compounds, however, as double salts. The 
Dr did not succeed in obtaining fluo- tungstates free from oxygen 
)ounds, agreeing in this respect with Berzelius, whose results were 
sssed by the general formula RO, WO3+RF, WFg. According to 
§;nac, the same two salts combine in other proportions also, but the 

remarkable circumstance is the isomorphism of the copper-salt, 
, WOg-j-CuF, WF3, with the fluo-silicate, fiuo stannate and fluo- 
ate of copper, the last having the formula CuF, TiFj. This isomorph- 
becomes intelligible when the formulas are written Cu^WjO^F^, 
Co2Ti2Fg, so that it must be admitted that fluorine and oxygen may 
irtain cases replace each other atom for atom, though not equivalent 
qaivalent, and further that Berzelius* mode of viewing the constitu- 
of the salt cannot he correct, since it furnishes no explanation of the 
orphism. The silico-tungstates form a new class of salts, and may 
neral be easily obtained by boiling a solution of an acid tungstate with 
inous silicic acid : they are easily soluble, and usually crystallize well. 

are not decomposed by boiling with chlorhydric acid or by evapo- 
1 to dryness with it, but are simply converted into acid silico-tung* 
i, Marignac considers the salts of silico-tungstic acid to contain 10 

Joum. Set.— ^BCOXD Series, Vol. XXXYLy No. 106.— July, 1863. 
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eqs. of tnngstio to 1 eq. of silicic acid : the neutral salts cont«n four 
equivalents of base, but it is perhaps more proper to double the formaUii 
and give the neutral salts the general formula 8R0, 20WO., 2Si02tin 
order to include the acid and double salts. — Compies Rendus^ Iv, 888, 
Ann. der Ckemie und Pharm,^ cxxv, 862. w. o. 

2. On the preparation and properties of metallic rubidium, — BcRsn 
has prepared metallic rubidium, by igniting in a proper apparatus tba 
carbonized bitartrate of the oxyd. From 75 grammes of the ss]t,5 
grammes of oietal were obtained in a single mass. Rubidium is rerj 
brilliant, like silver, white with a scarcely perceptible tinge of yellow. In 
the air it oxydizes instantly to bluish-grey suboxyd, and takes fire, after t 
few minutes, much more easily than potassium. At — 10^ C. it is still ai 
soft as iron : it melts at 58^*5 C, and below a red heat is converted into 
a blue vapor with a shade of green. According to Bunsen, the true fining 
point of sodium is 95°'6 C, and that of potassium 62^*5 C. ; the latter doei 
not pass through an intermediate pasty condition in fusing. The deositj 
of rubidium is about 1*52. It is considerably more electro- positive tbu 
potassium, takes fire upon water and burns with a flame which cannot be 
distinguished from that of potassium by the eye. Rubidium bums with 
brilliancy in chlorine and in the vapor of bromine, iodine, sulphur, and 
arsenic. — Ann, der Chemie und Pharmacie, cxxv, 367. w. o. 

3. On ike preparation atid properties of metallic magne9ium,^E, 
Sainte-Clairb Deville and U. Oaron have given a description of the 
most recent and improved method of preparing magnesium, and of the 
properties of the metal in a state of absolute purity. Their results an 
by no means wholly new, but are interesting as being complete in detail 
To obtain pure magnesium, the authors in the first place weigh and mix 
rapidly 600 grammes of pure chlorid of magnesium obtained by Liebi^i 
method, 480 grammes of pure fluorid of calcium, and 230 grammes of 
metallic sodium carefully cleaned and cut into small pieces. The niixtnn 
is projected into a red hot eat then crucible, which is then covered; a 
weight is placed on the cover to hold it in its place. When the reaction 
is finished, the mass is stirred with a clean iron rod, and removed from the 
fire. Pure and dry fluorid of calcium in fine powder is then thrown in, 
and the stirring repeated. The iron rod gradually collects all the globules 
of magnesium into a single mass, which collects near the surface of the 
heavier saline uiiiss. On breaking up this mass, atler cooling, about 93 
grammes of magnesium may be collected, which is nearly f of the theo- 
retical quantity. The scoria from which the magnesium has been sepa- 
rated may be fused a second time and more magnesium obtained, so that 
sometimes 100 grammes of sodium will give 45 grammes of raw mag- 
nesium. The globules of magnesium may be brought into a single mau 
by fusing together 60 grammes of chlorid of sodium and 75 grammes of 
chlorid of potassium (Wohler's flux), breaking up the cooled mass, and 
fusing with the magnesium. The metal floats at first, but, as the flux 
cools, the magnesium becomes specifically heavier, sinks to the bottom of 
the crucible, and forms a single mass. As thus prepared, magnesium con- 
tains carbon, silicon and uitruret of magnesium. To obtain the pure 
metal, the authors distil the raw product in tubes of gas-retort carbon, 
surrounded by earthenware tubes, and traversed by a current of hydrogen. 
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The pare metal has a density of 1*75, is very ductile, and ^ves plates 
of great lustre and of a slightly bluish or violet tint when burnished. 
The surface tarnishes in the air, but not more rapidly than zinc, and the 
ozydation is never very deep. Magnesium fuses at about the fusing point 
of zinc: at a little higher temperature it burns with an intensely brilliant 
flame, as already observed by Bunsen. The light of burning magnesium 
contains all the rays peculiar to the metal, without the inversion observed 
by Fizeau in the combustion of sodium. — AnntUes de Chimie et de 
Phytique^ Ixvii, p. 340. w. o. 

4. O/^ the chemical constitution of the American 'rock oil. — Sohorlem- 
MKB has examined the oils obtained by the distillation of cannel coal at 
low temperatures, the mixture of which is known in the United States as 
kerosene. The oil in question is found to contain a series of homologous 
hydrocarbons of the general formula CnHn-|-2 and consisting of the 
hydnirets of the alcohol radicals. The oil, which boils below 120^ C, 
contains the four hydrurets, 

Ci^Hijt hydruret of amyl, boiling at 39^ C, 
CjaHj^, " hexyl, ** 68^ C, 

Ci^Hjg, " heptyl, " 98° C, 

CjeHjg, " octyl, " 119° C. 

The author found precisely the same products in the American petro- 
isiin or rock oil. The oils are first purified by strong nitric acid, which 
lesfes the greater part unattacked, but removes benzole and toluole. After 
Wftftbing, drying over caustic potash, and distillation with sodium, the four 
hydrurets already mentioned were obtained as in coal tar. Benzole and 
tolnole are found in larger proportion in cannel coal tar than in petroleum. 
— Pfw. Manehetter Phil, Soc., March 11, 1863. w. o. 

5. On some new orpanic compounds of silicon, — Friedrl and Crafts 
have prepared, in the laboratory of Wurtz, some iuteresting compounds 
of ulioon with organic radicals. By heating together silicic ether, 

8i ) 

(C b ^ i ^9' ^^^ bichlorid of silicon, 81201^, the authors obtained a 

Si ) 
Mw compound having the formula on fx r ^s- '^^i^ body boils at 

CI 
•bout 160* C. ; the density of its vapor is 7*05 by experiment and 6*87 
bf theory. It may be regarded as silicic ether in which one equivalent of 
we body, C^H^O^, is replaced by one equivalent of chlorine. A second 

iv 

Si ) 
product is found at the same time, the formula of which is o/ri fr \ r ^4 

CI2 
ittd which is therefore the dichlorhydrine of silicic ether. Equal equiva- 
kots of the mono-chlorhydrine and the amylic alcohol give a new ether, 

iv 

Si, 
the formula of which is 3(04!!^) }- O^, that is, normal silicate of ethyl, 

^10^11 
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in which one atom of ethyl is replaced by one atom of amyl. When cfalo- 
rid of Bilicon and zinc-ethyl are he-ated together in a sealed tube, a lim- 
pid liquid is obtained, which is insoluble in water, and not acted upon by 
a concentrated solution of potash or by nitric acid. This liquid is silicon- 

iv 

Si ) 
ethyl, the formula of which is .,^ n M * '^^ density of the vapor of 

silicon ethyl is 5*13 by observation and 4 99 by theory : it corre^pondi 
in constitution to distannethyl, Sn2(C^ng)^, and diplumbethyl, Fbf 
(C^H^)^. The authors promise a more extended study of this body, 
which, as the first organic compound consisting only of silicon, carboo, 
and hydrogen, is of much interest The formula SiO. or SijO^ for 
silicic acid appears to bo at last definitively established. — VomptaJRewiu^ 
Ivi, 590. w. 0. 

6. On iJie coloration of flame by phosphorus and its compounds.^ 
CiiRisTOPLE and Beilstein find that, when phosphorus is added to tlia 
materials for preparing hydrogen, the flame takes a beautiful emenkj- 
green color. With the spectroscope, this flame gives two magnificeot 
ffreen lines having about the same degree of intensity, and a third ratbtf 
less distinct between the two first and the sodium line D. Red phoi- 
phorus, phosphorous and hypophosphorous acids give the same resnlL 
This reaction is extremely sensitive, and may be used in cases of poiaoniDg 
by phosphorus, and in detecting the presence of minute quantities i 
phosphorus in iron. — Comptes Rendus^ Iv, 399. w. o. 
Analytical Ciibmistry. 

7. On estimation of nitric acid by conversion into ammonin, — On dw 
14th of Juno, 1848, J. C. Nesbit read before the Chemical Society of 
Jjondou (vide its Quarterly Journal, vol. i, pp. 281-5) a paper "Oi ■ 
New Method for the QuuntiUitive Determination of Nitric Acid, ftDd 
other Oom}Hnnuls of Nitrogen.** Nesbit founded his method on theoM 
oWrvation that " nascent hydrogen '' or the metals tin, iron, and bdc^ 
when undergoing sohition in a dilute acid, decompose nitric acid with 
formation of ammonia. Ho especially refers to the statement of EoU" 
mann that the additii^n of a nitrate, to a mixture of zinc or iron with dilnte 
chlorhydrio or nitric acid, causes the evolution of gas to cease for I 
while, a salt of ammonia being at the same time produced according to 
the eijuation — 

NOgU4-8lI=NH3+6UO. 

Nosbit ascertained that, by the observance of certain precautions, tta 
whole of the nitrogen of nitric acid or of nitrates may be thus transferred 
to hydrogen, i\\u\ obtained as ammonia. His directions are as foilotn: 
" If ten grains of siilt, such as nitrate of }K>tash, be taken for analysis, abort 
*J00 or 300 grains of thin clear ^olean I) fragments of zinc are put into 
a small tlask, to which a jx^rtion of water is added. From half to threi 
i^uarters of an ounce of ohlorhydric acid, sp. gr. 1*17, must be poured 
out into H sm.Hll measure, and about one-tenth part added to the zinc and 

- Wl, ^ .... 
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id 18 added, and then a little nitrate, until all tbe solution of the nitrate 
th the washings is poured in, and about one-fourth of the acid is lefL 
ire should be taken that, for the first hour, the effervescence is slow, 
hen the whole of the 8oIution of the nitrate is poured in, the remainder 
the acid must be added from time to time, and the whole lefl until 
ervescence ceases. The liquid is then carefully separated from the 
dissolved zinc, which is well washed with the smallest quantity of water, 
d tbe whole distilled with hydrate of lime, the ammonia being col- 
ited in a proper condenser. The great danger to be avoided consists 
allowing the hydrogen to be liberated too rapidly, by means of which 
much heat is generated as to cause a portion of the nitrogen to escape 
binoxyd of nitrogen." Nesbit estimated the ammonia by a volumetric 
^od. He gives the results of sixteen determinations of nitric acid, by 
6 different operators, in nitre both pure and mixed with 6 to 9 times ita 
nght of common salt, and in the nitrates of baryta and lead. In each 
le, the accuracy of the estimation left nothing to be desired. 
Nesbit's method has been employed in this laboratory with satisfaction, 
oogh several trials were requisite for learning the precise method of 
ocednre. 

We have thus noticed the method of Nesbit, because it has not, to 
ir knowledge, been described in any treatise on chemical analysis, and 
icaose, since its publication, others have proposed methods based on the 
me principle which are more or less worthy of notice. 
Several years after the method of Nesbit was published, Martin gave 
It the same process as original, Comptes Jiendus, xxxvii, 947, with this 
iportant difference, that the necessary precautions are indistinctly stated, 
e directs that pure zinc, in quantity four to five times as much as the 
trie acid to be reduced, be placed in a glass, together with the salt or 
.e solution to be analyzed, and pure sulphuric or chlorhydric acid be 
peatedly added. Martin mentions that uric acid, sulphate of quinine, 
)latine, and ^ the nitrogenous substance which occurs in water,'' do not 
feet the accuracy of the process, though in presence of gelatine the 
duction proceeds very slowly. 

In 1861, Schulze, of Rostock, proposed to convert nitric acid into am- 
looia by the action of sodium-amalgam or of platinized zinc in presence 
f excess of alkali {Chem. Centralhlaii, 1861, pp. 657 and 833). The 
Btnipulations described by Schulze for obtaining good results are some- 
rhat troublesome, and the method, according to Wolff, often practically 
lilt from the slowness of the reduction. Wolff recommends to modify 
he process by employing a mixture of finely rasped zinc and iron-filinsfs 
nth a soda lye made by dissolving one part of hydrate of soda m 
ight parts of water, {Chem. CentrcUblatf, 1862, p. 379,) Runge having 
mg ago observed that zinc in contact with iron, in alkaline liquors, 
offers solution to a far greater degree than when in contact with plati- 
om. To determine the ammonia, Wolff employs a method elaborated 
f Enop and himself, in which the nitrogen of the ammonia is liberated 
f 1 mixture of hypochlorite of soda and bromine, and estimated by 
leasurement. 

The analysis of nitrates by reduction with a mixture of zinc and iron in 
kaline liquid has also been the subject of nearly cotemporary study 
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with A. Vernon Harcourt and Mr. Siewert, Ann, Ch. u, Ph,^ 1863, p. 
293. Harcourt obtained excellent results, but, owing to the difficultv of 
distilling ammonia from a solution containing oxyd of zinc and caa»tie 
alkali without some of the latter being carried over, was obliged to cm- 
ploy a complicated apparatus. Siewert presents the simplest method of 
operating. For the reduction of 0'54 grm. of NO^, he uses 4 grm. of 
iron and 8-10 grm. of zinc filings, 16 grm. of solid caustic potash, and 
100 c. c of alcohol of sp. gr. 0*825. The substitution of alcohol for 
water prevents the troublesome frothing of the mixture when undergoing 
distillation. The apparatus employed is an evolution flask of 800 to 350 
c c. capacity, which is connected by a rather long doubly-bent tube with 
a condensing arrangement consisting of two tlasks of 200 c. c con- 
tent each, that are also connected together by a doubly-bent tube. The 
tube uniting the evolution flask with the first condensing flask has its 
extremities cut obliqnely so that no adhering drops of liquid can bect^ 
ried mechanically either way, and they just pass through the corks which 
fit them vapor-tight into the flasks. The tube that joins the two con- 
densing flasks, on the other hand, passes nearly to the bottom of thcM 
flasks. In the middle flask a quantity of standard acid, more thu 
enough to fix the ammonia yielded by an experiment, is placed, and 
the mixture of nitrate, potash, zinc, iron, and alcohol being brought 
into the evolution flask, the corks are tightly fixed, and the gas evolution 
is assisted by a very gentle heat. In half an hour, the ammonia begins 
to pass over with alcohol vapor. When all the alcohol has gone over, 
only traces of ammonia usually remain in the evolution flask. Then 
may be removed, either by continuing the heat until water distiU, greit 
care being taken that frothing or spirting do not endanger the result, or 
better, 10 to 15 c. c. of alcohol are poured into the evolution flask, quickly 
raising the cork for that purpose. If needful, the addition of alcohol miy 
be repoated. Afler distilling 2 to 3 hours, the ammonia in the receiven 
may be estimated by the approved volumetric processes.^ 

Siewert gives the results of a number of determinations which indiciti 
that his method is satisfactory, and its simplicity gives it preference 
over all the others heretofore devised which are based on the aame 
principle. 

It is scarcely needful to remind the analyst that several of the reagesti 
employed are liable to contain either ammonia or nitric acid, and thai 
their purity must be carefully attended to. s. w. J. 

III. MINEKALOGY AND GEOLOGY. 

1. Annual Report of the State Geologist of California for the yov 
1862, 12 pp., 8vo. San Francisco, 1863. — From this brief letter, id- 
dressed by Prof. Whitney to the Governor of California, and from a furth* 
communication made to the California Academy of Natural Sciences, *e 
abstract the following facts in regard to the progress of the survey : **b 
the topographical department, a series of maps, forty-nine in numbeit 
has been compiled by Mr. Hoflmann from the original documents at tlM 
United States Surveyor General's Office : the scale of these is half tt 
inch to the mile. They contain a compilation of nearly all that is kDOVft 

* See this Journal, [2], zzzy, 279. 
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at that office in regard to the geography of the State. The map, as thus 
blocked out, have been used by us in the field, by filling in the topography 
wherever our route has laid. 

The maps which have been or are now being prepared for publica- 
tion are : 

IsL A map of the vicinity of the Bay of San Francisco, on a scale of 
half an inch to the mile, four feet by three ; it extends from near Santa 
Cruz on the south to Napa on the north, and from the Pacific to Corral 
Hollow, east and west. The area of land which it covers is 4,248 square 
miles, which is just twice that of the State of Delaware, and only lacks 
two hundred square miles of equaling that of Connecticut As near as 
can be ascertained, it contains one-third of the population of the State, 
and has about thirty inhabitants to the square mile — the average density 
of the population of California being but little over two to the square mile. 
This map, on which all the details of the topography are given, as 
minutely as the scale allows, is nearly completed, and will be soon ready 
for the engraver. 

2d. A detailed map, on a scale of two inches to the mile, of the 
vicinity of Mount Diablo ; this is about two and one-half by three feet 
in dimensions, and includes the most important coal mining district yet 
known to exist in the State. The map can be made ready for the en- 
graver in a few days. 

3d. A map of the Coast Ranges, from the Bay of Monterey south to 
8tnta Barbara. It is about three feet by two and one-half in dimensions, 
iion a sca!e of six miles to the inch, and embraces about 16,000 square 
miles of territory. To complete it will require about another year's work 
in the field with two sub-parties. 

4th. Map of the Washoe silver-mining region — three and one-half by 
two and one-half feet in dimensions, on a scale of two inches to the 
mile — and extending over all the important mining ground of the district 
This map is from an accurate trigonometrical survey by V, Wacken- 
reoder : it is nearly completed. 

6th. Map of the Comstock Lode, on a scale of four hundred feet to the 
iDch, completed. 

6th. Map of the central portion of the Sierra Nevada ; scale not yet 
determined on. Extensive surveys have been made by Mr. Wackenreuder 
fsrthis part of the work, and these will be continued during the present 
lemon. 

Of the above mentioned maps, Nos. 1 and 2 will accompany the first 
volume of the Report Nos. 4, 5, and probably 6, the second volume. 

It is intended, if the survey is carried to completion, to construct a 
tnal map of the State on a scale of six miles to the inch, in nine sheets, 
<ieh about three feet square. 

In addition to the regular topographical work, an extensive series of 

btrDinetrical observations has been made, for the determination of aiti- 

todes, and some two hundred and fifty important points have been as- 

ttnded and measured. The most interesting operation in this department 

Wis the determination of the height of Mount Shasta, which, by an elabo- 

Ute series of observations, we found to be 1 4,440 feet above the sea level. 

TTiis is the first of the lofty volcanic peaks of the Sierra Nevada which 

lias been accurately measured. 
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In the department of geology proper, our explorationa liave extended 
over portions of forty of the forty-six counties into which the State is 
divided ; and when it is remembered that tlie average size of a ooaotj 
is equal to half that of tlie State of Massachusets, (California having 
just twenty-four times the area of that State,) some idea of the magni- 
tude of our work may be obtained. The chain of the Sierra Nevadt 
may be parallelized with that of the Alps for extent and average elevt- 
tion ; while the Coast Ranges are nearly as extensive as the Appalachian 
chain of mountains. 

We have obtained a pretty clear idea of the general structare of the 
Coast lianges from Los Angeles to Clear Lake ; the vicinity of the Bay 
of San Francisco has been worked out in considerable detail, inciQding 
all of San Francisco, San Mateo, Santa Clara, Alameda, Contra Coitii 
and Marin Counties, with portions of Santa Cruz, Solano, Napa, and 
Sonoma. Considerable field-work has been done in the Sierra Nevada 
chiefly in the lower portion of the range between Mariposa and Shaita 
Counties. Our observations have also been extended to the Waiboa 
Region, and we have received considerable collections of fossils from the 
Humboldt Mining District, (known by this name on the Pacific Conti 
but designated on Warren's Map as the *' West Humboldt River Range,* 
and in longitude 118*,) by which we have been able to fix the age of the 
formations in that region. 

Mr. Gabb has been chiefly occupieil, the past year, in figuring and de- 
scribing the Cretaceous fossils of the Coast linnges and the foot-hills of 
the Sierra, of which he has nearly two hundred new species ready ibf 
publication. He has also described the Triassic fossils, collected by the 
Survey at Washoe, and by Gorliam Blake, Esq., in the Humboldt RaogSi 
The fossils older than the Trias have been referred to Mr. Meek for invei- 
tigation. A portion of the fossil plants have been placed in the handiof 
Dr. J. S. Newberry for description. 

It is to the department of General Geology that, up to the preMit , 
time, by far the greater portion of our attention has been given, since tin 
first thing re(]uircd in a geological survey is a knowledge of the geneni 
geological structure of the State, the age of the various formations which 
occur in it, and their range and extent, or the position which they oocujif 
on the surface, and their relations to each other. Each group of strata 
thus determined by its lithological peculiarities, and by the fossils wfaiek 
it contains, is then to be laid down upon the map, in the posicioi 
in which its outcrop occupies on the surface. The general cbaracUr 
of the minerals and ores which occur in each formation or group of 
strata having been thus determined, the details of their mode of oe* 
currence, their relative abundance, and the facilities which may eiirt ^ 
in each separate district for making thorn economically available rooit, 1 
after the ]>reliminary general work has been done, bo the object of 
more special and detailed examinations. It is not, however, the busioesi 
of a geological surveying corps to act, to any considerable extent, as i 
prospecting party ; to do this, would require that we should coniiDe oar 
operations to a very limited area; the labors of the whole corps for aa 
entire seaHon would not snflice to thoroughly prospect more thanafaw 
hundred square miles in a very rich mineral region, and we should han 
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l^age in expensive mining operations to decide what was really 
)nt value. It is our task, rather, to limit the field of research, 
¥ to others where their labors will be best bestowed, preventing 
snditures of time and money in searching for what our genenu 
investigations have determined not to exist in sufScient quan- 
4iin formations, to be worth working. Especially in the first 
ir work, in a State of such an immense area an California, our 
s more the character of a geological reconnoissance than of a 
rvey. 

however, during the progress of our work, a large amount of 
1 has been collected in regard to the mode of occurrence and 
of the useful ores and minerals of this State and the adjoining 
The principal deposits of coal have been carefully examined, 
:eo]ogical position ascertained. Most of the important quarts 
be State nave been visited by Mr. Ashburner, and a large 

information has been collected by him, preparatory to an 
ivestigation and report on this important branch of the indua- 
Pacific Coast Considerable work has been done, preliminary 
report on the geology, mineralogy, and metallurgy of the 
jion. 

lepartment of botany and agricultural geology, the work haa 
sn chiefiy confined to collecting the plants of the State. 
e duplicate suites have been preserved, both for study and for 
be specimens now collected amounting to not less than twelve 
r fifteen thousand in number, and embracing probably half of 
cies described from the State, besides many new and unde- 
s. The collections have been made by Professor Brewer while 

geological explorations, at a very trifling expenditure of time 

apartment of agriculture proper, less has been done, owing to 
ms. Partial preparation was made for investigating the sub- 
pe culture, and the production of wines; but discontinued 
me cause. Especial attention has been paid to our native 
ts, to aid in devising some means of arresting the rapid de- 
rage in this State, and correspondence entered into to obtain 
information on this subject from other regions whose climates 
to our own. 

ological department — in charge of Dr. J. G. Cooper, who has 
yed about half the time since the Survey was commenced— 
1 table gives a succinct idea of what has been accomplished, 
ose of the year 1862, in the way of collecting. 
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Of Articulator and R^uliiites no statistics can be given for want of worki 
especially devoted to the California species. 

From this it appears that, notwithstanding the large collectioni made 
by government expeditions and by individual^ during the last t«n yean» 
wliioh have been elaborately described in the Pacific Railroad and Mexi- 
can HoundHry licports, the Smithsonian publications, and various other 
works, wo hiive been able* to add materially to the known Fanna of 
California, and of the country at large, even among the highest and beit 
known chiHses. 

Arrangements have been made for having the collections in natnni 
history referred to the highest authorities in each branch, and portions of 
our materials have already been placed at the disposition of eminent men 
in Kurope and the Unites! States for examination and description. 

Deferring the fitting up of a laboratory, and the engaging of a speci4 
assistant in the chemical department, until a suitable permanent plaoe 
could 1k) provided in the State Museum building, Mr. Ashbumer west 
East in the spring of 1862, and commenced the examination of some of 
the ores and minerals of the State in the laboratory of the Sbeffidd 
Si'i«»ntific Sichool of Yale College, under the direction of Professor Brash, 
who has charge of the metallurgical department of that institution. The 
reduction of the appropriation to fifteen thousand (15,000) dollars for the 
year, made it necessary to suspend this work soon after it was comroenoed, 
in order that the whole force of the Survey might be concentrated on the 
field operations. 

A small sum has been allowed to ^fr. F. H. Storer, of Boston, for i 
chemical investigation of the bituminous substances found in diflferent 
parts of the State. His researches will probably be embodied in thefint 
or si>cond volume of the annual reports. Qualitative examinaUons, 
well as a few quantitative ones, have been made at the office of the Siu** 
vi-y, of specimens wliich liave been collected. A considerable number 
of coaU have been analyze^!. Information in regard to ores and miDenli 
lias Ih'en given to a large numl>er of persons who have applied for the 
saino by letter or otherwise, as will always he done when practicable." 

The full results of this work, together' with what may be finished div- 
inir the jiresent year, wiil j>robably be published in 1864. These resuHi 
will make two, or jn-rhaps three, royal ocrtavo volumes, and will be illoh 
t rated with maps, sections, plates of f*.ssils, etc. The appropriation fa 
I he present year is *20,000, an amount entirely inadequate to carry « 
xUo Survey in as complete a manner as conleniplated in the Act of the 
Lej;islji!uri\ We are confi«lent that the people will soon see the gttl(^ 
pr.ictioal advantage to W deriveil from this Survey in developing the in- 
iiionso mineral and agricultural resources of California, aiid will make 
liberal appropri'iiions to have it cv>nducted in a manner alike benefidil 
ami honorable to the State. We have no doubt that, in the establishmeBt 
of such :i lal»oratory as propiH^eii by Prof. Whitney for the investigatioo 
of .juostions in rejrarii to the cvMuposition and metallurgical treatment d 
ores, more than enoujjli would l»e saved in one vear to pay the whoh 
o\|H.nsos o( ilio Coolo^r^,^.^l Survey. ' G. J. B. 

-J. l^isrovrr. c'U'hiUrtuitc at J ft brou in Jf a inf. —The " minute piil 
munc cnstaU .f a h.-4ir-browu minotar' mentioned in mv article « 
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lonite' prove, on further examination, to be cbildrenite. Mr. 0. D. 
las recently visited the locality, and obtained a sufficient quantity 
mineral to determine its specific characters, and a description of 
ncluding crystal lographic measurements, by Prof. J. P. Cooke, Jr., 
pear in the next number of this Journal. G. J. Brush. 

)n the Height of Mt, Shasta, California ; by J. D. Whitney, in 
of the Geological Survey of California. — A careful and elaborate 
f barometrical observations by the State Geological Corps of Cal- 

made in September, 1862, has fixed the elevation of Mt Shasta 
40 feet.* Previous to this, the height of Shasta had been variously 
«d at from 13,906 to 18,000 feet The number 18,906 was the 
»f a barometrical observation made by Mr. W. S. Moses, August 
861 ; 18,000 feet was the height as estimated by the Pacific Rail 
expedition, under Lieut Williamson ; Fremont's estimate was 

feet, which is much nearer the truth than Williamson's. It is a 
irious fact, that the height of Mt. Shasta, as given by the editor 
x>n'8 Atlas and author of the article on California in the New 
ran Cyclopaedia is 14,390 feet, which is a very close approximation. 

these figures were obtained, I have been unable to ascertain.' It 
Y certain that they were not the result of any actual measurement, 
known that Mr. Moses was the first person to ascend the moun- 
th a barometer. 

^Ae Human Jaw at Abbeville. — Vague and inaccurate statements 
sen going the rounds of some of the daily and weekly papers re- 
X the proceedings of the conference of men of science — ^English 
ench— -which was engaged at Paris last week in investigating the 

the asserted discovery of a human jaw at Abbeville in the fossil 

following is a rSsume of the proceedings : — The English deputies 
id of Mr. Prestwich, Dr. Falconer, Dr. Carpenter, and Mr. Busk, 
f whom reached Paris on the 9th and the other on the 10th. 
ench members were, M. Milne-Edwards (President), M. de Quatre- 
M. Lartet, M. Delesse and M. Desnoyers. Three days were occu- 
I discussing the question of the fiint hacheSj and in the examina- 

the jaw, the latter of which was taken up on the third day. 
nsive result was arrived at. The English members of the Com- 
1 maintained the unauthentic character of all the flint haches 
were yielded by the ^* black band," and nothing was established 
other side to shake their convictions. The jaw was sawn up and 
1; the black coating was removed from it with the utmost facility; 
ras no infiltration of metallic matter through the walls of the bone, 
e section was comparatively fresh looking. The tooth also was in 
•espect remarkably fresh-looking. The confidence of some of the 

members of the Commission was seriously shaken by the charac- 
jlded by the jaw, which, so far as internal evidence went, was want- 

I Journal, [2], zzxiv, 243. 

tketch of this mountain, as seen from the South-west-by-South (compass 

is contained in this Journal, [2], vii, 251. 

kes says "it is said to be 14,850 feet; but Lieut. Emmons thinks it is not 
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ing in every nppearance which commonlj distinguiihes fossil hones, ind 
especially those found elsewhere in the Sonime deposiu. Had the cod- 
ferencHi been closed at Paris, it is not improbable that the result might 
have been the Scotch verdict of ' Not proven,* but, at the sQggestioD of the 
President, the Commission adjourned to Abbeville on th« 18th, when 
the complexion of the case was at once altered. 

HaclieB of the supposed unauthentic character were disengaged from 
the cliif of the gravel- pit of Moulin-Quignon, under the very eyes of the 
Commission, and direct testimony to the actual occurence of the jaw in 
the '* black band *' was brought forward to the conviuti<^n of the Com- 
mission. But there was not the same unanimity respecting the age of 
the jaw itself. Two of the English meml>ers of the Commission, Dr. 
Falconer and Mr. Hu-nk, handed in notes of the opinions at which they 
had arrived on the general case. These we insert. — 

•'AbbeTille, Hay 18. 186S. 
** I am of opinion that the finding of the human jaw at Hoalin- 
Quignon is authentic ; but that the characters which it presents, taken in 
connexion with the conditions under which it lay, are not consistent with 
the siiid jaw being of any very great antiquity. H. Falcoxeb." 

"Abbeville, Blay IS. 18SS. 

" Mr. Busk desires to add, that although he is of opinion, judging from 
the external condition of the jaw, and from other considerations of s 
more circumstantial nature, that there is no longer reason to doubtHbst 
the jaw was found in the situation and under the conditions reported by 
M. Boucher de Perthes, nevertheless it appears to him that the intimd I 
conditiim of the bone is wholly irreconcilable with an antiquity equal to 
that assigned to the deposits in which it was found." 

Mr. Busk of course refers here to the received opinion that the Moalin- 
Quignon de])Osits belong to the 'Miigh level" gravels of Mr. Prestwiehf 
which are considered to bo the oMest of the Somme beds. 

From all this, it will be seen iliat the question of the relative antiqui^ 
of the relic is left open to di^i'ussion. It is manifest that the evidenoe 
was very eontlicting; that it is in some respects of an incompatible chs^ 
acter : and that a great deal still remains to be cleared up before tin 
scientific world can arrive at a definite judgment on the case. We maj 
further add. that the subject was again brought before the Academy of 
Sciences, on Momlay last, in two distinct note^ by M. Milne-Edwardi 
aud M. de Quatrefages, who, wo understand, did ample justice to thecas* 
dor and frankness of their English opponents, and recognized in terms of 
praise the readiness which they had exhibited in proceeding to Parii 
wlien invited, in onler in confront the evidence on the spot. We msj 
add another remarkable incident in the case: that, after the comrounicA' 
tion of their remarks, M. Klie de Ik'aumont stated that, in his opinioDi 
the gravel de|K>sit of Moulin-Quiirnon did not belong to the Quate^ 
n:iiy or l)iluvi;in asje at all, but that it was a member of the terraint 
rncuhlis o\' \\w actual or modern period, in which he would not be ths 
lo.i'it sur|ni>od if human bones were f«Mind : adding, moreover, that he 
ditl not believe in the asserted existence of man as a contemporary of 
the oxtinvi elephants, rhinoceroses, itc. of the Quaternary period! The 
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•pinion of this very eminent and veteran geologist imports a new element 
• of doubt into the question. 

We understand ihat the English savants were received everywhere by 
their French opponents in the most cordial and friendly manner, and that 
the various questions involved were discussed in the best possible spirit 
The conference lasted five days. 

The Moniteur of Saturday last, the 16th inst, contains an article by 
tf. Milne*Ed wards, giving a brief rhume of the constitution and labors 
of the conference, and of the results to which they were conducted. It 
is dear that we have still much to learn r?garding this very remarkable 
ease, alike in its geological, paleontological and archeological aspects. — 
Athen^ No. 1856, Mny 23, 1863. 

5. The Otoloffical evidences of the Antiquity of Man^ with Remarke 
o« Theories of the Origin of Species ; by Sir Charles Lyell, F.R.S. 
518 pp., 8vo, with woodcuts. Philadelphia, 1863. George W. Childs. 
^Man is now the absorbing subject in science. Geology and zoology 
are bendiug themselves towards archeology, in order, together, to illus- 
trate his origin and antiquity. Sir Charles Lyell presents us, in his new 
Tolume, a review of the progress whicli investigation has already made; 
and the extent to which the work has sold, both in this country and 
Britain, shows that in preparing it he has responded to a public demand. 
He reviews at length the geological developments of the few years past 
bearing on the subject, stating the facts with discrimination and fairness, 
•ad with all essential details. It is a work, therefore, of real value ; and 
when science has gone forward to established conclusions, it will stand 
to mark a stage of progress in the important investigation. 

The subject is so new that it is not reasonable to regard the work as 
oilier than an exhibition of the existing phase of this branch of science. 
The calculation of time from geological evidence is a mathematical prob- 
lem involving many variables of unknown limits, and hence all approxi- 
mations are necessarily rude. Change of level is one of these variables 
of vast influence. Geology proves it to have been in progress in all 
time ; and even, since the Romans were in Britain, a part of Scotland, it 
isys, has been raised 27 feet The interior of a continent may be sup- 
poied to have changed some scores, or even hundreds, of feet in a single 
period, without doing violence to geological probability. This, then, is 
one variable affecting seriously all calculations from alluvial or delta 
fonnatioDs. For an elevation from such a cause would increase the con- 
densation of moisture about the heights, enlarge rivers, augment their 
•Riding and transporting power both by increasing slope and amount 
of water, and thereby rapidly thicken the resulting deposits. More- 
over, the same action, either in high latitudes or in low, may change, as 
Ljell has shown, the climate of an entire continent. This is one example 
^ a variable, of wholly unknown limits of variation ; — and one affecting 
ttlcnlations from coral reefs and seashore formation^, as well as from allu- 
▼iil beds. It is sufficient of itself to show that the future has yet much 
to do. before present inferences can command full confidence. Moreover, 
the doubts connected with the Abbeville deposits, mentioned on the 
preceding page, show that there are still other variables or unknown 
9naDtiue:» to be considered. 
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It is quito unnecessarv to give here an abstract of a voluma which ii 
made accessible to all readers, in a convenient and excellent fonn, through 
an American republication. 

The later part of the volume is occupied with the Darwinian hypothe- 
sis with regard to the origin of species, which is preaeDted with an 
evident leaning towards its views. The hypothesis accords with the 
Lyeliian uniformitarian canon, that existing causes under their prtmrd 
intensity are sufficient to account for all past events. That caution which 
leads the author to hesitate before the most obvious generalisations in 
geology, on the ground that all facts are not yet known, here readily 
yields, and the conclusion that creation has been goinff on ainoe Man li 
rapidly as in preceding time, and in the same way, although it has no 
decisive facts to support it, is accepted with Aivor. The above canon hat 
done the science good service ; but the whole course of geological histoiy 
is against its too rigid application. We are told that judgment with n- 
gard to the transmutation liypothesis as applied to the derivation of Man 
from Apes should be suf^pended until Africa and the East Indies have 
been searched for the missing links. Inductive science saya, on the con- 
trary, have no faith in any hypothesis of the kind until the missing linb 
are found. Facts^ then faith, is the motto for science. 

The proper method in geology is to present generalizations and con- 
clusions, just as they naturally tlow from known facts — using the lyao- 
rance-arffument, not to set aside obvious deductions from the ffenenl 
array of facts, but to fix the limits of confidence in them ; and, then, to 
modify these generalizations, as time moves on, wherever, and just so fiv 
as, this may be requireii. The uniformitarian canon, in our view, strikei 
in the head this method, and sets up an assumption in place of an in- 
duction. 

6. Ichnographs from the Sandstone of Connecticut River ; by Jamm 
Deanb, M.D. 62 pp. 4to, with 37 lithographic and 9 photogn^thio 
plates. — For this beautiful volume, on the footprints of the Connectieot 
valley Mesozoic sandstone, the public are in a large degree indebted to 
the liberality and science of Thomas T. Bouv6, Esq., of Boston. Dr. 
Deane, as all readers of this Journal well know, was one of the earliert 
discoverers and most persevering investigators in this branch of Americaa 
Paleontology. During the later years of his life, he was not only assidu- 
ous in making observations, but labored with great success in lithographyi 
in order that he might make his own illustrations of his papers; and ha 
had a work on the subject well advanced when he died. The volnmi^ 
the title of which is given above, contains the plates which Dr. Deana 
had completed, together with the author's brief and unfinished nota^ 
additional explanations by Mr. Bouv6, and a biographical discourse by 
Henry L. Bowditch, M.D. The lithographs, as well as photographs, ara 
remarkably faithful delineations of the specimens. The footprints ara 
referred in the work to birds, reptiles, insects, crustaceans, and worms. 
We are especially struck with the beauty and inipressiveness of the two 
photographic plates of rain-prints, one, of ancient, and the other, of re- 
cent for comparison. The photographs of footprints also are excellenti 
and none are more interesting than those of insects and other Articulates. 
Eleven slabs of these minute tracks are reprer^ented on three plutos. 
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No one oan turn over the leaves of this volume without a feeliug of 
ooostant regret that death should have brought the author's labors to 
•0 untimely a close ; nor without a sense of gratitude towards Mr. Bouv6 
for the publication of the unfinished work of his friend. 

7. Notice of some new species of Fossils, from a locality of the Niagara 
group in Indiana, with a list of identified species from the same place ; 
by Prof. James Hall. Published May 2, 1868. 34 pp. 8vo. Abstract 
read before the Albany Institute, April 29th, 1862. 

8. Die Ctenodipterinen des Devonischen Si/stems ; von Dr. CHRj^TiAir 
Hbivrich Panobr. 66 pp. 4to. St. Petersburg, 1858. — Ueher die 
Saurodipterinen, Dendrodonten, Glyptolepiden, und Cheirolepiden des 
Devonischen Systems ; von Christian Heinrich Pander. 90 pp. 4tOy 
with 17 lithographic plates in folio. St Petersburg, 1860. — These works 
by Pander, on Devonian fossil fishes, are published by the Russian gov- 
ernment, and are well worthy of the distinction thus given them. The 
plates are of large size, and are drawn and engraved evidently with mi- 
aate accuracy. They represent the various specimens found, and also 
views of sections of the teeth, showing a great variety in their labyrinth- 
ine character. 

9. On the Fossil Remains of a long-tailed Bird {Archcsopteryx maeru* 
m$ Ow,) from the Lithographic Slate of Solenhofen; by Prof. Richard 
Owxv, F.R.S. — The author details the circumstances connected with the 
discovery of the fossil remains, with the impressions of feathers, in the 
Lithographic slates of Solenhofen, of the Oxfordian or Coral Han stage of 
the Oolitic period, and of the acquisition for the British Museum of the 
specimen which forms the subject of bis paper. 

The exposed parts of the skeleton are, — the lower portion of the fhr- 
enlum; part of the left os innominatum ; nineteen caudal vertebrae in a 
oonsecutive series; several ribs, or portions pf ribs; the two scapulte, 
humeri, and antibrachial bones ; parts of the carpus and metacarpus, 
with two unguiculate phalanges, probably belonging to the right wing; 
both femora and tibiae, and the bones of the right foot; impressions of 
the quill-feathers radiating fan-wise from each carpus, and diverging in 
pairs from each side of the long and slender tail. The above parts in- 
dicate the size of the winged and feathered creature to hatre been about 
that of a rook. The several bones, with their impressions and those of 
the feathers, are described, and the bones are compared with their homo- 
logues in dififerent Birds and in Pterodactyls: whence it appears that, 
with the exception of the caudal region of the vertebral column, and ap- 
psiently of a biunguiculate manus, with a less confluent condition of the 
metacarpus, the preserved parts of the skeleton of the feathered animal 
iceord with the ornithic modifications of the vertebrate skeleton. The 
main departure therefrom is in a part of that skeleton most subject to 
variety. Twenty caudal vertebrae extend from the sacrum in a consecu- 
tive and naturally articulated series, resembling in structure and propor- 
tions those of a squirrel. The tail-feathers are in pairs corresponding in 
oamber with the vertebrae, diverging therefrom at an angle of 45° back- 
ward, becoming more acute near the end, and the last pair extending 
nearly parallel with, and 3^ inches beyond, the last caudul vertebra. This 
feathered tail is 11 inches long and 3^ inches broad, with an obtusely 
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rounded end. This character of the tail is novel and unexpected becam 
of the constancy with which all known existing and Tertiary birds haw 
presented the short bony tail, with the terminal modification, in most of 
them, of the ploughshare bone. 

Professor Owen next gives the results of investigationa into the oste- 
ogeny of embryo birds, showing the number of vertebm correspondiDg 
to the anterior caudals in ArchcBopteryx which coalesce with the petrit in 
the course of growth, and the degree to which the posterior caudak rs- 
tain a resemblance to those of Archmjpteryx in the Birda with rudimeatil 
wings. From eighteen to twenty caudal vertebrae may be counted in the 
young Ostrich. In Archaopteryx the embryonal separation persistSi with 
such continued growth of the individual caudal vertebrie as is commoiily 
seen in long-tailed Vertebrates, whether Reptilian or Mammalian. Hm 
author remarks that the modification and specialization of the lermiBal 
bones of the spinal column in modern birds is closely analogous to that 
which converts the long, slender, many-jointed tail of the modem em- 
bryo fish into that short and deep symmetrical shape, with coaleseenoi 
of terminal vertebrae into a compres»ed lamelliform bone, like the 'osen 
charrue' of bird^ to which the term *homocercal' applies — such extremt 
development and transformation usually passing through the heterooeital 
stage, at which, in Paleozoic and many Mesozoic fi^ihes, it was arrestal 
Thus ho discerns, in the main differential character of the Mesozoic birdi 
a retention of structure which is embryonal and transitory in the moden 
representatives of the class, and consequently a closer adhesion to the 
general vertebrate type. 

The least equivocal parts of the present fossil declare it to be a Birdi 
with rare peculiarities indicative of a distinct order in that class. Al- 
though the head is absent, the author predicts, by the law of correlation, 
a beak -shaped mouth for . the preening of the plumage ; and he alio 
infers a broad and keeled sternum in correlation with the remaiDiof 
feathered organs of flight. 

The paper is accompanied by drawings of the fossil and its partly and 
of homologous parts in Birds and Pterodactyls. The author assigns to 
the fossil animal the name of Arckoeopteryx macrurus, — Proceeding ef 
Royal Society, Nov. 20, 1862, in the Ann. Mag, Nat. HieU^ [8], vd. zi, 
No. 62. 

VI. BOTANY AND ZOOLOGY. 

1. Botanical Papers in the Transactions of the St. Louis Academy^ 
Science, vol. ii, part 1. — Dr. C. 0. Parry, in a letter to Dr. Torrey, and hf 
him communicated to the St. Louis Academy, gives a lively and graphic 
account of his ascent of Pikers Peak on the first of July, 1862, with 
interesting botanical memoranda. Dr. Engelmann, the President of the 
Academy, follows with a pHi>er on the altitude of Pike's Peak and other 
points in Colorado Territory, from a reduction of all the recent observa- 
tions, mainly those of Dr. Parry, with an account of all the earlier daia. 
The limit of trees is found at the elevation of 11,643 feet on the eastern 
slope of Oray's Peak, at 12,043 feet on the northern slope of Pike*s PmL 
Tlie determinations of the higher summits and other interesting points 
will doubtless be reproduced in another part of this Journal. Dr. £nget- 
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nuum also contribotes an interesting account of the stnicture and morph- 
ologj of yelumlnum luteum ; a note on the nature of the pulp in the 
fhiit of Caeteogj showing that the pulp belongs to the funiculi of the seed 
or its appendages ; also on the pulp of currants and gooseberries, which he 
finds "^to consist of the arillus and of the modified epidermis of the testa ;" 
A considerable paper entitled ** Additions to the Cactus-Flora of the terri« 
tory of the United States," mostly from the collections of Dr. Newberry 
(in the Colorado Expedition,^! 857-58) and of Henry Engelmann in Capt 
oimpaon's Expedition to explore emigrant routes into Utah. On Pinus 
ttfiffalo, a new species of Pine discovered by Dr. C. C. Parry in the 
Alpine regions of Colorado Territory, and on some other Pines of the 
Rocky Mountains. P. arUtata was probably confounded by the late Dr. 
James with his P. flexilis^ but was distinguished by Dr. Parry. Both are 
flfe-leaTcd species, but they belong to two very different sections. They 
aie now well cleared up by Dr. Engelmann; and, as seeds collected 
by Dr. Parry in considerable quantity have germinated in this country 
•ad in England, they may hereafter be familiar. Dr. Engelmann appends 
to this paper a revision of the character of the genera of AbietinecBy in a 
somewhat new arrangement, adopting as genera, 1. Alnea Link* fnon 
linn.), the Balsam Firs; 2. 7>u^a, Hemlock Spruce; 3. Zarup, (these 
aO in one group characterized mainly by the anthers) ; 4. Cedrus, Cedar, 
and 5. Pieea Link, non Linn., the spruces proper, in another group; and 
finally, with biennial fructification, 6. Pinus, Dr. Engelmann also has a 
paper on ** New Species of Oeniiana from the Alpine regions of the Rocky 
Mountains,'' with some emendations of other species, d^c. The plates, from 
1 5 to t 11, neatly illustrate Pinus arisiata^ Oentiana Wislizeni^ G, he- 
kro$epala^ G, humilis^ G. acuta^ var. and G, prosirata, G. Parryi^ and 
ff. harbellata^ of Engelmann. a. o. 

2. The Unumeralion of the Species of Plants collected by Dr. C. C, 
Parry and Messrs. Elihu Hall and J. P. Harbour^ during the Summer 
mid Autumn of 1 862, on or near the Rocky Mountains in Colorado Ter^ 
ritory^ lat 89^-4 1^ is published in the Proceedings of the Academy of 
Natural Sciences, Philadelphia, under date of March 24, 1868. The 
collection, which has already been mentioned in this Journal, proves to 
bs very interesting. a. o. 

3. PauUinia sorbilis and its products. — Mr. Archer, in a paper read 
to the Botanical Society of Eklinburgli, April 9, states that from the large 
Neds of this Sapindaceous plant ^Ms manufactured the subst^ince called 
^Horoiia, which is extensively used in Brazil, Guatemala, Costa Rica and 
odier parts of South America, as a nervous stimulant and restorative. 
The seeds, deprived of their covering, are pounded into a paste, which 
hardened in the sun constitutes Guarana, It is used both as a remedy 
IbfTarioua diseases, and also as a material for making a mo^t refreshing 

bererage. The presence of an alkaloid, which he called Guara- 

9m^ was discovered some years ago in Guarana by Dr. Theodore von 
Mirtius of Erlanfifen ; but its identity with Theine was soon established ; 
and subsequent analyses, especially one by Dr. Stenhousc in 1856, proved 
that not only was the active principle of Guarana identical with Theine, 
but that, as far as known, no other substance yields it so abundantly, 
— Ihe amount being 5*07 per cent, as against good black Tea, which 

Am. Jocb. Sol— Second Siaus, Vol. XXXVI, No. 106.— Ji lv, 18C3. 
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yields 2*13, and Coffee, from 0*8 to 1-00. The mode of ming the Oot- 
rana is curious and interesting. It is carried in the pocket of almost 
every traveller, and with it the palate bone or a scale of tbe 1am &h, 
Sudis ffipcu, locally called *' pirarucu,' the rough surfaces of whicD form 
a raAp upon which the Guarana is grated ; a few grains of the powder 
so formed are added to water, and drunk as a substitute for tea. Tbe 
effect is very agreeable, but, as there is a large quantity of tannic seid 
also present, it is not a good thing for weak digestiona." — Extr, OfoL 
Chron,, May 2, p. 414. 

4. Aerial rootlets on the stems of Virginia Creeper (Ampelopeis 91ml- 
que/olia). — Iteferring to the note on p. 445 of the last Na of this Jonnal, 
we may add that we have received, from Dr. Parry of Iowa, spedmeni 
of the stem of this plant abundantly garnished with aerial rootleis thv 
confirming the character in Michaux's /Voro, and in the lamented Dr. 
Darlington's Flora Cestrica, a. 0. , 

5. Martius, Flora Brasiliensis^ fasc. xxxi, xxxii. (Jan^ 1868). — ^TbeN 
new parts of this great work contain the DilleniaeeoB^ by Dr. Eicbler, 
with 14 plates; and tbe Sapotece^ by Prof. Miquel, 81 plates^ Both 
orders Appear to be well elaborated. a. o. 

6. Dr. Charles Wilkins Short died at his residence at Lonisville, Ken- • 
tucky, on the 7th of March last, in the 69th year of his age.' He «ai 
born in Woodford County of that State, on the 6th of October, 1794, • 
was educated in the school of Mr. Joshua Fry, near Danville, — a distis- 
guishcd teacher of those days, — ^pursued his professional stncliea mainlf 
m Philadelphia, where he took the degree of M J), from the TTniverri^ 
of Pennsylvania in the year 1815. For ten years he devoted bimseo 
to the practice of medicine, until, in the year 1 825, be was called to 
the chair of Materia Medica and Medical Botany in the Transylvanit 
X7niver8ity at Lexington, where he contributed to the reputation of that 
celebrated school. Relinquishing medical practice, for which he bad 
no liking, he devoted his powers with zeal and success to the more con- 
genial duties of his professorship, and to the cultivation of botany, tba 
favorite pursuit of his life. At the close of the year 1838, he removed, 
along with some of his distinguished colleagues, to Louisville, filling tba 
same chair in the University of that city, until 1849, when he retired 
fi-om public functions. The remainder of his honorable life was paseed 
at Hayfield, his tasteful residence near Louisville, in the bosom of hit 
family ; in the exercise of kindly but unostentatious hospitality and of 
all good offices ; in quietly enjoying and causing others to enjoy the 
blessings of a handsome fortune, to which by inheritance, combined 
with the fruits of his own industry, he had now attained, and in the 
cultivation of " the amiable science " to which he was devotedly attached. 

Dr. Short's botanical publications were neither large nor many. ThcT 
were chiefly articles contributed to the Transylvania Journal of Medi- 
cine, &c., of which he was for some time one of the editors. The moA 
important is his Catalogue of the plants of his native State (which he 
widely and assiduously explored), and several Supplements ; with well 
considered characters of some new species, and acute and discriminating 
notes upon several imperfectly known plants. These, and the copious 
MSS. observations which he was accustomed for many years to comma- 

* See this Jouro., zzxv, 461. 
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lieate to his botanical oorrespondento, showed what he was capable of 
iccomp)ishing, had not a most retiring and unambitious disposition 
mduly limited his exertion. It was not activity or persevering labor, 
^Qt publicity, that he shrunk from. He was a very industrious botanist^ 
ind an effectual promoter of our science in this country. His great use- 
fulness in this field was mainly owing to the extent and the particular 
Bzcellence of his personal collections, and to the generous profusion with 
which he distributed them far and wide among his fellow-laborers in this 
and other lands. He and the late Mr. Oakes — the one in the west and 
the other in the east, but independently — were the first in this country 
to prepare on an ample scale dried specimens of uniform and superlative 
excellence and beauty, and in lavish abundance for the purpose of sup- 
plying all who could need them. Dr. Short's disinterested activity m 
toese respects has enriched almost evQry considerable herbarium both at 
bome and abroad, and set an example which has produced large and 

d results among us. The vast improvement in the character of the 
J specimens now generally made by our botanists may be mainly 
tnoed to the example and influence of Dr. Short and Mr. Oakes. As 
might be expected, Dr. Short's own herbarium is a model of taste and 
Beatnesa. It is also large and important. To one himself so solicitous 
''to do good and to communicate,'' contributions from numerous sources 
Bitarally flowed in abundantly. He, moreover, subscribed to all the 
North American distributed collections within his reach, and he set on 
foot or eflSciently furthered several distant or difiicult botanical explora- 
tions. He purchased, at a liberal price, the important botanical collec- 
tions of Texas and Northern Mexico, left by feeriandier, which Lieut 
(■ow General) Couch acquired of his widow, and sent on to Washington ; 
aid, retaining one set for his own herbarium, he caused the rest to be 
distributed among the botatiists to whom they would be most useful, — 
especially including two Swiss botanists who had contributed to send out 
Beriandier to Mexico as a collector, but from whom (apparently through 
Berlandier's dishonesty,) they had failed to receive any adequate return. 
It is understood that Dr. Short's rich herbarium — to which a lifetime of 
tbou^tful attention and much expense were lovingly devoted — is now 
offered, by a wise bequest, to the custody of the Smithsonian Institution, 
under instructions that it shall he permanently well cared for and always 
open to be consulted by botanists. It will there form an excellent and 
coDspicuous nucleus for a collection of American herbaria, such as our 
tdenoe needs, and the country ought to possess. 

The natural effects upon his scientific career of a fastidious taste, an 
unwarrantable diffidence, and a too retiring disposition, were enhanced 
ty a constitutional tendency to depression of spirits. But this never 
obscured the native kindness of his heart, and the real, though so quiet, 
Ceoiality of his disposition, or checked an unobtrusive and considerate 
benevolence. With an uncomproinising sense of right and justice, and 
» keen hatred of everything mean and unworthy, he was never harsh 
W)r even cynical. All who knew him well, and also his more intimate 
correspondents who never enjoyed the privilege of a personal acquaint- 
ince, can testify to the nobility and Christian excellence of his character. 
An appreciative tribute to his memory, from the pen of a former colleague, 
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will be found in the Louisville Journal^ issued a few dmys after Dr. Short*! 
lamented death. 

Two or three species of Kentucky plants commemorate the name of 
Dr. Short as their discoverer. Also a new genus, Shortia^ inhahiting 
the Alleghany Mountains, was dedicated to him by the present writer. 
But, alas ! too like the botanist for whom it was named, it it so retiriog 
in its habits that it is not known as it ought to be, but lives as yet uueea, 
except by a single botanist of a former generation, in some aedoded 
recess of the Black Mountain of North Carolina. It will some day be 
found again and appreciated. a. g, 

7. The late Wm, Darlington, — Not unexpectedly are we called to add 
to the list of the departed, the name of this venerable and excellent msa. 
The Nestor of American Botanists died, at his residence in West Charter, 
Penn., on the 23rd of April last, having nearly completed the 81st yesr 
of his age. The death of this most charming and unaflferiedly good 
man, although occurring in the fulness of time, and following dose (is 
was meet) upon the bodily infirmities which at length arrested the lettne 
activity of the octagenarian, — waiting, but laboring still as strength 
and occasion served, — is sensibly felt, not only in the town and eonntj 
where he has long been honored and venerated, but also by a wide drele 
of friends and corres()ondents throughout the country and in other lendi. 
If not a very profound, he was a most accurate and faithful botanist, one 
who appreciated and largely inil)il>ed the spirit of all the great adTancei 
in botanical philosophy, and especially in morphology, which have been 
made in his day. llh forte was in the clear and accurate description of 
plants; his desire, to make perfectly known the plants of hie natiit 
county ; his modest estimate of his own labors in his favorite pnitnt 
was expressed in the motto of hi.s Florida Centrica^ in 182G, and re- 
peated in his classical Flora Cestrica (one of the very best local flom 
ever written) in 1837 and 1853 : " Ore trahU guodeungue poteei, atfm 
addit acervo:^* his love for the familiar objects which had attracted hit 
life- long interest was characteristically shown in the inscription whiek 
he wrote for the stone that now covers his mortal remains: ^ PlaniM 
Cestrienses quasdilexit atque illustravit super tumulum ejus semper fmf' 
ant ;^^ while higher feelings and sacred hopes were fittingly expreeNd 
when on receiving the first warning, of which he knew well the signifi- 
cance, he said to those around him, '*My work is done; and I think I 
can say, with Simeon of old, ' Lord, now lettest thou thy servant depert 
in peace.'" 

But, much as he cultivated Botany, this was only the side-issue, tbs 
recreation of his life, which was actively devoted to professional and rir 
rious civic occupations, and to the discharge of many honorable truiti. 
Such biographical notices as may well be added here, we will select froa 
a ** Memorial of Wm. Darlington, M.D.", drawn up by one of his toww 
men, of which a copy has just been received by us. 

" He was bom near the ancient village of DUworlh, now called DilwoitiM* 
town, in Birmingham township, Chester county, Pennsylvania, April 28, 1781 

" His great grandfather, Abraham Dartin^rton, tlie son of Job and MsiT 
Darlington of Darnhall, in Cheshire, England, came, while a young man, wim 
his brother John, to Pennsylvania, in the beginning of the last century, and 
settled at first near Chester. * * 
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grrandfather of William Darlington was a fanner, and resided in East 

I township, Chester county. He married Hannah, a daughter of 
Brinton, a member of an old and respectable family that hiui come 

Vmerica amon^t the earlier settlers of Pennsylvania. He raised and 
i nine sons and two daughters, and died in the Autumn of 1808. 
'ard Darlington, the eldest son of Thomas, and father of William, was 
i a farmer by his maternal grandfatlier, from whom he received, bj 
fiirm in Birmingham township, on which he was reared, and which is 
lie possession of his grandchildren. 

married Hannah, a daughter of John Townsend, of East Bradford, 
county, by whom he had five sons and two daughters. He was an 
nt man, self-educated, and exercised a considerable influence amongst 
ens of his county, by whom he was several times elected a member of 
e Legislature. He died in 1825. 

liam Darlington, of whom we shall now speak, was the eldest child of 
and Hannan Darlington, and descended from ancestors, each branch 
h, as far as it can be traced, was an unmixed race of plain English 
L He was early inured to the severe labors of agricultural life, and, 
d enough to drive or hold the plough, was kept at work in the summer, 
r permitted to go to school in tne winter season. The common countnr 

II that day were lamentably deficient as compared with those of mod- 
«, yet he succeeded in obtaining a plain English education, under 
•niythe, an Irish Friend, one of the best teachers of that time in the 
and who, during a long period spent in that vocation, imparted the 
ts of education to many who have since become eminent and useful 
of the republic. 

iming tired and disgusted with the drudgery of farm labor, which then 
one tithe as attractive as it has since been made by the inducements 
and eflbrts made by Agricultural Chemistry, and Agricultural and 
Itural Societies, and the improvement in machinery whereby so much 
bor of the farm is now avoided, William, after much difilculty, induced 
iT to permit him to study medicine. With this view, in the Spring of 
i entered tlje office of Dr. John Vaughan, a respectable physician of 
^n, in the State of Delaware. 

list pursuing with assiduity the study of that profession which he had 
as the business of his life, he devoted tliose hours which, with many, 
ave been given to idle recreation, to acquiring a knowledge of the 
language under a private teacher, and there developed a passion for 
ly of languages which remained with him for life, and enabled him 
ently to make an excellent and satisfactory acquaintance with the 
Latin, Spanish and German, when opportunity was afibrded. So 
ras his taste for such acquisitions, that at the age of fifty, a period when 
en think their labors are over, he embarked in the study of the noble 
) tongue witli all the ardor of a schoolboy of seventeen, and mastered 
ighly. 

802 the malignant Yellow Fever was fearfully prevalent in many places 
jui the Union, and scourged the country witli a violence that made 
est physicians shrink aghast from its awful ravages. Amongst other 
it visited Wilmington, carrying terror and desolation in its train* 
umbers of the citizens sought safety in flight; even physicians left the 
(id the only medical personages that remained were Dr. Vaughan and 
I William Darlington, — who with great moral courage faithfully con» 
It their posts, and rendered their services to those afflicted with the 
epidemic. • 

he Winters of 1802-3 and 1803-4, William Darlington attended the 
lectures in the University of Pennsylvania, and on the sixth of June, 
5 received the degree of Doctor of Medicine, being, as the writer 
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believes, the firet citizen of Chester county who took that degrree in thit 
University. For a lonnr term of years, and until he relinquished the duties of 
his profession, he was confessedly tlie head of that profession in the couDtjof 
his birth. The subject of his inaugural Thesis was *' the noutiial influence of 
habits and disease,** an essay which, from tlie soundness of its views and depth 
of scientific research, received a flattering' compliment from Professor Rush, it 
a public examination on the day prior to the commencement 

" Whilst preparinif his Thesis, a(\er the close of his second course of med- 
ical lectures. Dr. Darlington attended the botanical lectures of Profew 
Benjamin Sniitli Barton, and thus began his first acquaintance with that science 
whose beauties and pleasures he has, in later years, done so much to illustnte^ 
and in so successful a manner as to make his name known and respected 
throughout the botanical world. 

" On receiving his diploma, he returned to his native place and commenced , 
the practice of medicine, and in his leisure hours availed himself of thefint 
opportunity that presented, of making himself familiar witli the lAtin langmge^ 
which in those days seemed to hold the key of the temple of the physical ud 
natural sciences. In the following year, he was appointed physician to the 
Chester County Alms House, and also surgeon to a regiment of militia. The 
latter appointment, however, caused his disownment by the Society of Friendii 
of which he was a member, as it was contrary to their discipline to assist in, 
or encourage, war, in any manner whatever. 

"Since that day, however, the views of the 'Friends* seem to have changed 
somewhat, upon this subject, and the former rigidity of the discipline in reprd 
to it has relaxed, and tliere are now in tlie Union armies large numbeit of 
young Friends, who are offering their lives in tlie service of their country, la 
as earnest and effectual a manner, and with as unselfish a patriotism, u the 
men of any other religious denomination. 

"In 1806, Dr. Darlington received the appointment of surgeon to an EiA 
India Merchantman, belonging to Philadelphia, and made a voyage to Cil- 
cutta,' whence he returned the following year. He availed himself of the 
leisure afforded him in the long voyajie, to make an acquaintance with some 
of the best works then extant in English literature. A sketch of the obseitir 
tions made during this voyage wup, some years aflerwards, published in the 
form of familiar letters in the Analcctic Magazine. 

"In the year succeeding his return from Calcutta, he settled in West Ches- 
ter, and resumed the practice of medicine, and was soon in the enjoyment d 
an extensive and profitable business, which embraced a large extent of conntiyi 
and required laborious industry and perseverance to give it tlie requisite atten- . 
tion, as physicians then were few and far between, in the rural districte. Tht 
famous embargo, in Jefferson's administration, prevented any further voyagivf 
by sea, but circumstances had occurred in the meantime which would Eaie 
detained him at home witliout an act of Congress; for, on the first of JoDe(^ 
that year (1808), he was married to Catharine, daughter of General John 
Lacey, of New Jersey, an officer who had served wim credit and ability ii 
the revolutionary war. 

"Always anxious for self- improvement. Doctor Darlington commenced the 
German language about that time under a private tutor, and soon made himedf 
sufficiently familiar with it to be enabled to enter into the spirit and enjoy the 
beauties of the great writers in that tongue. The love of the German lb* 
acquired increased with years, and at the ripe ago of 81, and up lo the hoof 
of his death, he enjoyed the immortal works of Schiller, Lessing, Goethe .; 
and other German authors, with which his library was stored, with all then* • 
which the strength of diction, harmony of verse, ond beauty of tliou^ht, thit ^ 
•characterize the writinofs of tliose eminent men, arc so well calculated to ^ 

[* Where he made the congf nial acquaintjince of the late Dr. Wallich, the well 
known botanist, and director of the Calcutta Botanic Garden. — Eds.] 
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spire. He was fortunate, too, in having instilled into one of his daughters 
e same love of language which imbued his own mind, and her familiar 
lowled^ of the Latin, French, and German tongues enabled her to add to 
s happiness in his later years, by sharing with him those pleasures which 
eqiient converse witli the best authors in those languages never fails to 
umre. 

^ When the war with England broke out in 1812, the subject of this sketch, 
ith other younc^ men of the neighborhood, offered their services in defense 
f the altars and firesides of their country in case of invasion. A volunteer 
ompany was formed and drilled at West Chester, ready to serve when called 
jpon, and in September, 1814, on a requisition by the Governor of Pennsyl- 
nnia for volunteer troops to aid in the protection of Philadelphia, which was 
mpposed to be threatened by the enemy then in Chesapeake Bay, he went to 
tibe camp on the banks of the Delaware as an ensign in the *' American Grays." 
Having some taste and skill in military tactics, the regiment into which his 
company was incorporated chose him Major of the first battalion. In this 

Sit be served until the corps was disbanded, and was rewarded like his 
bw-soldiers with the meagre pay of that day, and the still more meagre 
mtioDal grant of forty acres of the public domain. 

''In the meantime, however, his fellow citizens at home, appreciating his 
worth as a physician, a friend of education, a citizen soldier, and an enlight- 
ened statesman, elected him, unsolicited, a member of the I4th Congress. In 
1816, in consequence of dissatisfaction existing towards his colleague in 
loother county, (the single district system not having been then adopted,) he 
kit hii election by the small majority of seven votes, but this defeat was amply 
itDoed for by triumphant elections to the 16th and 17th Congress, from the 
nine district 

"During his second term the celebrated Missouri question agitated the 
UiKHi from one end to the other, and called forth the ablest efforts of the besi 
Den in Congress. On that question Dr. Darlington was found ranked with 
thoee who were desirous to restrict slavery, and raised his voice in an able 
ud excellent speech in opposition to its extension. 

''On that occasion he said: ^We are solemnly bound not only to secure 
oor own welfare, but to provide, as far as we can, for that of our posterity. 
When we know that the welfare of our descendants in Missouri, as well as 
IB the United States generally, requires the restriction of slavery, how can we 
RCODcile it to our sense of duty to permit tlie unnecessary introduction and 
£ffiision of an evil which we are sure will be the scourge of countless genera' 
ftM.'" • • # # 

*'Dr. Darlinffton was one of the members of the first board of Canal Com- 
DittioDerB, and was associated with such men as Albert Gallatin. John Set- 
getotf Robert W. Patterson, and David Scott, whose names hold a distin- 
nibbed place in our country's annals. He served in that station two years, 
oDring the last of which he was President of the board." 

"The duties alluded to, however, though arduous and exacting, did not 
prerent Dr. Darlington from bestowing some attention to Natural Science, 
md indulging his taste for botany. In 1820, in conjunction with some of his 
intiniate mends, he assisted in organizing tlie Chester County Cabinet of 
Katoral Science, of which institution he was President from its oric^n ; and 
Jd the same year he published his ' Florula Cestrica,' being a catalogue of 
plants growing around the borough of West Chester, Pennsylvania. 

'*The arduous duties of the omce of Canal Commissioner, being tlien per- 
famed gpratuitously, and calling him away from home mure than was either 
eonvenient or agreeable, he resigned that office the next year, and was almost 
immediately thereafter appointed Prothonotary and Clerk of the Courts of his 
native county, by his political and personal friend, the late lamented Governor 
Schulze, the duties of which office he continued to discharge till 1830. 
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" Whilst in the office of Prothonotary Dr. Darlington and some of hif med- 
ical friends co-operated, and formed the Medical Society of Chester county, 
an institution which has had the good effect of uniting in a fraternal union 
almost all the physicians of the county. Through its periodical meetiDgSy 
addresses, written communications, and debates, it has been the means of pro- 
moting the increase of medical knowledcre, of establishing an egprit dearfi 
amongst medical men, and of removing those petty jealousies which are too 
apt to arise in a profession whose country members live in comparatiTe isola- 
tion, and have very little communication with one another, from his loog 
standing in his profession, and the skill which he had acquired by an eztensifO 
practice, Dr. Darlington was unanimously placed at the head of the Societf, 
which position he held till 1852, when he resigned and was immediatdy 
elected an honorary member.** 

**About the same time he assisted in exploring a route for a railroad fin 
West Chester towards Philadelphia to intersect the Columbia railroad 

" Through the exertions of himself and a few gentlemen of West Chester, a 
company was formed, of which he was made the first President, and superi»< 
tended the construction of the road, which was the first private tributaiy totht 
line of public works.** 

"In 1830, he was elected president of the Bank of Chester County, of wkich 
institution he had been one of the commissioners named in the Charter ftr 
receiving subscriptions of its capital stock, and a director almost ever siooo 
its establishment in 1814. He was re-elected annually, and continned in tint 
station to the time of his death.** 

" Its currency was so regulated, and its discounts so discreetly made, tfait il 
still continued to bo an instrument of good to the citizens of the county ia 
which it was located. It possessed their entire confidence, and its notes wen 
eagerly sought afler in preference to those of most other banks within thi 
range of its circulation. These happy results were mainly doe to the financid 
abilities of the president and his old and long tried friend, David TownseiA 
late cashier of the bank, a gentleman who, it is not improper to state ben^ 
was associated with Dr. Darlington in nearly all of the public enterprises of i 
local character in which the latter was engaged. Ilis acquirements in the 
Doctor's favorite science of botany, together with the excellence and value of 
his exchanges of plants with European botanists, obtained for him the bigk 
compliment of having his name conferred upon a new and interesting genuof 
Arctic American and Rocky Mountain plants, by his friend Pnifessor Hooker) 
the learned and talented Director of the Royal Botanical Gardens at KeV| 
near London. 

**A similar honor was conferred on Dr. Darlington in 1825, by Protaor 
DeCandollc, of (leneva, for his eminent services in tlic beautiAil scieDOS* 
The genus dedicated to him by DeCandoIle did not, however, prove to be 
sufficiently distinct to maintain its place as an independent genus, and kiv 
friend Professor Torrey, of New York, dedicated to him a new and splendii 
^nus of California Plants, of the natunil family of Sarraceniacee, which, fioa 
Its rarity and beauty, constitutes a worthy and fitting compliment to an indv- 
trious laborer in the agreeable fields of botanical science. 

** To his botanical friends it may be interesting to learn, that Professor Gitft 
of Cambridge, has just succeeded in raising it on the Atlantic slope, and w 
may soon have the pleasure of cultivating in our gardens the beautiful I^ 
lingtonia. 

*' It is too seldom that we find a love for natural science, or the fine arti, ii 
a temple devoted to mammon. The Bank of Chester County, however, is ii 
exception. The President and Cashier of tliat institution prosecuted their 
scientific researches togctiier, collecting treasures for tlieir herbaria o'er tuD 
and valley, and makin:;; exchanges with many of the most eminent botaniili 
of Europe, whilst the prosicnt cashier, (Mr. VVilliam W. Jefferis,) is an eKflr 
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lent mineralogist, and has collected one of the best mineral cabinets in the 
Stite, and ftumished many valuable contributions to mineralogy, in the discov- 
my of new and heretofore undescribed species and varieties. 

** In the year 1837, Dr. Darlington published his * Flora Cestrica,' a descrip- 
tion of the flowering plants of Chester county, which was a new edition of 
bn former work, much enlarged and greatly improved. 

** This work is regarded as one of the most complete local Floras extant, 
and it a model for iQl works of a similar character tha^ may be constructed on 
the artificial system of botany. 

** Conceiving the idea of assisting the farmers of our country by a work 
tipranly devoted to an account of those plants which it more especially con- 
cerns them to know, he prepared and published in 1847 his ^Agricultural 
Botany,' in which are described in plain and familiar terms not only the useful 
adtknied plants, but all those which a careful and industrious farmer should 
otirpate from his soil. This work is one of the practical benefits which 
ntnrml science sometimes bestows upon mankind, and there is ffood reason to 
believe that its influence has already produced a beneficial effect upon hus- 
budrr, not only in Chester county but elsewhere. 

**Tjie deep interest he always felt in every votaiy of natural science, 
together with a strong personal attachment for a friend, induced him at an 
flulier day, (about 1843,) to collect together the letters, memoranda, &c., of 
Dt William Baldwin, a native of his own county, who was also passionately 
daroted to botany, but who died at an early age while on the expedition up 
the MiMoari, under Major Long. These remains were given to the world in a 
folome entitled ' Reliquie Baldwinianie.' 

"The pioneers of botany in Pennsylvania were Humphrey Marshall and 
Jflho Baitram ; the former residing near West Chester, tiie latter at Darby, 
Htf Philadelphia, Dr. Darlinffton collected, in 1849, such portions of their 
coiraspondence as still remained in existence, comprising, togetlier with their 
•vn letters, those of many eminent botanists of the day, and published them 
u one large volume, with illustrations of their homes, under tlie title of 
' Memorials of Bartram and Marshall.' 

*Thifl correspondence of our earlier botanists affords a pleasant insight into 
flirir scientific labors, and shows the dangers they underwent, and the difficul- 
tm thejr had to encounter in the early settlement of tlie country, during their 
eipeditions into the wilderness in the prosecution of their favorite science. 
The fi>nner home of Humphrey Marshall still stands at Marshalton, in Chester 
coonty, and the rare and curious forest trees that he planted with his own 
buds around it have grown with years, until tliey have become objects of 
gnat interest to every votary of botanical learning. 

"Dr. Darlington's latest labors in the cause of natural science consist in a 
lev edition of^the * Flora Cestrica,' revised and reconstructed on the natural 
Mifaod, which seems to be the system most generally adopted by scientific 
H^pH^ at the present day. Besides this, in connection with some of the 
fiboal minded men of his neighborhood, he was engaged in his latter years in 
tbe composition of a work descriptive of the objects of the Natural History of 
Chnler County in all its branches. 

*In the Spring of 18G2, he was attacked by a slight stroke of paralysis, 
fiom which he partially recovered, but with some prostration uf his physical 
vigor. This was followed in the early part of 186!) by another attack of the 
ame dioeaae, firom the efiects of which he gradually sank, until on Thursday, 
the 93d of April, 18^ aged nearly 81 years, he went to his final rest, witli lus 
aental vigor unimpaired, having evinced in his conversation with his children, 
dving hie last illness, the same love of science and literature which had 
ciitncterized him through a life protracted much beyond the usual period 
allotted to man." 

Joua. Sci.— Second Sebies, Vol. XXXVI, No. 106.— July, ISCS. 
18 
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'* In order that all the people of the coan^, who desire improf ement ia 
natural science, may continue to have, after his death, the same sources of 
knowledge as he could afford them in his life, he has bequeathed his most 
valuable herbarium ofjplants, and all his botanical and most of his other sci- 
entific works to the Chester County Cabinet of Natural Science, on whose 
shelves they are designed to remain as a rich mine from which the earnest 
students of nature may always be enabled to glean roost precious fruits. 

** He enjoyed, in an eminent degrree, the friendship of the best botuiistB of 
his day, and his correspondence with the distinguisned DeCandoIIe, and Sir 
William Jackson Hooker, of the old world, and Doctors Torrey and Giay of 
the new, attest the high value they placed on his contributions to the gende 
science of which he was so fond, and which, with them he assisted so mnch to 
illustrate. 

^ In his social relations he was the kind friend, whose heart and pmse wan 
ever open to assist struggling merit, in whatever walk of life it might be 
found, and his contributions to all purposes of benevolence, philanthopy, or 
knowledge, were, according to his means, of the most generous characler. 
He was an indulgent parent, whose earnest desire was to make his familr 
useful to themselves and the community, in which he has happily succeeded 
and he was the pleasant neighbor, whose extensive knowledge, excellent 
memory, and agreeable conversational powers, made him a most interesting 
companion. 

" His mind was, throufifh his whole life, ever prompt and active, and in the 
last work of his hands, * Note Cestrienses,* or sketches of the most distinffniibed 
men of his countv, which was undertaken with his friend, J. SmithFotlisf, 
whon he was nearly eighty years of age. and which was finished only a finr 
months before his deatn, he felt tliat each biographical sketch might be tto 
last, and he labored upon it with youtliful zeal and earnestness, tjSdX it miglit 
be finished before he heard the Master's call. 

'' He died as he lived, a christian gentlemaxi, of great purity and simpliei^ 
of character, whose whole life was never stained by a mean, ungenercwi, or 
dishonest action. 

" From this slight sketch of Dr. Darlington, it will be observed that he bM 
been a man of both thought and action, of books and deeds, and has spent i 
busy life in the service of his county, his state and nation, and endeavored, is 
a quiet and unostentatious manner, to disseminate information amongst the 
masses of the people. 

"Although greatly esteemed for his literary abilities, which have been higUy 
self-cultivated, yet his strongest hold on the public regard arose firom the 
earnest efforts he has been ever ready to make in the cause of natural scieiM 
and popular education, from the time, when, like the widow of old, he gftf* 
his mite, being all he was then worth, towards the good cause, down to the lilt 
years of his life, of which he devoted the hours most men give to rest, to tltt 
agreeable and useful task of diffusing knowledge among men. 

" It is pleasant to know that those Tabors have been properly appreciated ty 
men whose commendations are of value, as may be found in the tact that IM 
self-taught fanner's lad has had his name and fame bequeathed to future tioi 
so long OS plants shall grow and bloom ; Uiat he received in 1848 the higUy 
honorable degree of LL.D., from Yale College, and was elected a member 
of more than forty literary and scientific associations. 

" The West Chester Academy, the Medical Society of this county, the Chei- 
ter County Cabinet of Natural Science, the West Chester Library, the Api- 
cultural and Horticultural Societies of Chester county, were all indebted to 
him for his vuluablc aid in giving the popular impulses which brought tboi 
into existence, and which have since continued and extended their usefulnen 

'*His example and instructions, his hooks and pamphlets, his discourses and 
lectures, infused a ta;3tc for literary and scientific information into the fflindi 
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of the Yoang around him. « * « They have been the means of awaken- 
in; a thirst of knowledge amongst the people of the place of his residence, 
UM a desire for good educational institutions, until Chester county has be- 
come noted for the general intelligence of its citizens, and the excellence of 
iti numerous schools. 

** Temperate in his habits, moral and religious in his character, in the Aill 
maturity of years, and with his mental faculties almost unimpaired to the last, 
be enjoyed with satisfaction, at a good old age, the consciousness of a life well 
i^eot, and the contemplation of the ripened fruits produced as the results of 
his earlier and later labors, and in the enjoyment of the respect of a CTateftil 
eomroanity, he was enabled to feel that his career had been a usefolone to 
the people amongst whom Providence had placed him, and that his years were 
not employed like those of the fool or the sluggard, b;it improved to the bene- 
fit of himself and of future fi^enerations, as the seeds of knowledge once sown 
m not for a single harvest, out for all future time." 

It is nnderstood that Dr. Darlington has left in the bands of a friend 
ao antobiography. We know not whether this was written in view of 
fiiture publication ; but it may probably with propriety be printed, after 
some lapse of time, along with selections from his correspondence, for 
the gratification of the numerous friends of the writer, or even for the 
iDrtraction of a wider circle of readers. a. g. 



1. 0b9ervaium8 on the genus UhiOy topether with deicripticns of new 
^pecMt, their soft parts and embryonic forms^ in the family Unionidas^ 
isi descriptions of new genera and species of the Melanidce. By Isaao 
IxA, LL.]}., President Acad. Nat Sci., d^c vol. ix. With sixteen plates. 
Raid before the Academy of Natural Sciences of Philadelphia, and pub- 
Eibed ID its Journal. — We have again the pleasure of noticing a volume 
of Mr. Lea's works, which is perhaps superior in value and research to 
ny of his former ones. This memoir forms the greater part of vol. v, 
of the new series of the Journal of the Academy of Natural Sciences, and 
ii aooompanied with sixteen quarto plates most admirably executed, and 
SODstitotes vol. ix of ** Observations on the genus Unio^ drc" The Unio- 
vidtt embrace descriptions of 28 new species, illustrated by tjBn plates, 
giving three views of each species. The remaining six plates embrace 
St9 new species of Melanids, the figures executed on stone with remark- 
ible beauty and correctness. For the greater part of these Melanid® Mr. 
Let has proposed three new genera, Trypanosioma, Ooniobasis, and 
Strephobasis^ considering that tbcy do not belong to the genus Melania^ 
ndeecribed by Cuvier and Lamarck. Mr. Lea has entered into a full 
diidiasion of these new genera in the work before us, and he finds them 
nrtained by the anatomy of tiie soft parts. Ue also gives the following 
Iriif analysis of the genera of Melanidse. 

Melania having a regular loop-form aperture. 

Aneulosa having a rounded aperture and a callous columella. 

lo having a greater or leaser elongate channel or spout at the base. 

Idthasia having a callus on the columella above and below, and a 
Botch at the base. 

Sehixostoma having a cut in the upper part of the outer lip. 

Sirephobasis having a retrorse callus at base, and usually a neariy 
tqnare mpertare. 
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Trypano9icma hanng an eipttnded outer lip, and an angCMhiped 
aperture. 

GoruoboMi* htring u»ua:lT a aub-rhomboidal apertare, sulva&gnlar li 
baae and wiihoni a channel. 

Amnieola Laving a round mouth and do caDiii^ 

The cumber of new species of Unionidje vhich Mr. Lea bat dewribed, 
■inoe he commenced the stadr oi this familj in ]827« alreadj amovnlito 
orer 550. nearly all of which are indigenous^ Full detcriptiona, aeeoiB- 
panied by excelient figures, have been given of each, and, when the soft 
parts couM be obtain^, descriptions of these have been added, and, to 
some extent, drawinzs of their anatomy. A great advance has been mds 
by describioQ: and iilu^iratiog the embryonic forma, by which many of the 
species are shown to diffrr more than in the adult or mature state. lUi 
is a branch of FCi:Hy nhich few European Malncologists have attempted. 

According to Mr. Lea, we bare now, in the United States, ASS knowi 
species of the family Uoiooidz, divided as follows : Unio 542, Murgm* 
tana 31, Anodonta 60. To these may be added, for the reiDaining put 
of North America, as far as yet known, 41 species, making together 674 
species of this fiimily. Mr. Lea has many other new species nndescribed, 
and vol. x of *' < Jbscrvatione "* is in an advanced stage of preparatioa. 

The figures of the Melanidae are among the best figures of shells enr 
published, and they do credit to our American artists. Alabama seemi 
to be the gei^raphical center of this family, or the region having tht 
greatest number of species and individuals. Other new genera yet dmj 
be required ; and when so, it is important thai they should be based, a 
far as possible, on characters derived from the structure of the animiK 
all others being liable to lead to error. Only careful study can UtA 
what modifications of form depend upon fundamental points in thetni- 
mal structure. We are pleased to see dimensions given with so modi 
care : this shortens the laliors of those looking up species, especially wlwt 
there are no figures. Mr. Lea would do a areat service to science lif 
preparing a paper on the species found in all the great river bittins, beta 
Unionido; and Mclanidee, with a view to the zoological reffions. 

It has been stated by a recent writer in Paris, in noticing the Itrgi 
number of species described by Mr. Lea, that probably not a tenth of 
them would prove to be distinct It may well surprise a European nata- 
ralist that the species should be so numerous in America. But the f^ 
mark is a betrayal of ignorance of the subject, and also of those hygfO" 
metric conditions of the continents of Europe and America in whidi 
they so widely difier, and which are the basis of great zoological dii- 
tinctions. A view of the finely executed figures should alone satiifrl 
conchologist of judgment, that the various forma, so remarkable in o« 
Western and Southern rivers, could not fail to prove to be, with few ezcep* 
tions, at least, distinct species. It is quite possible that there have bees 
some duplications, for this could scarcely be otherwise where specimeni 
are rare; and especially in the earlier descriptions, before the difiereMi 
of form ill the two sexes, a fact unappreciated by European naUiraliillH 
had been observed. 

Science is greatly indebted to Mr. Lea, for his untiring labors throng 
so many years in this department of Natural History. H. 
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!. Suearchei upon the Anatomy and Phywdogy of Rupiratum in th$ 
fhnia; by S^. Weir Mitcbill, M.D., and Geoiiqb R. Morbhouss, 
X (Smithsonian Contributions to Knowledge^ xiii, 169.) — This memoir 
•ne of great interest, not onlj on account of the admirable manner in 
ich the results have been worked out, and the valuable contribution 
ich th^ are to physiology, but as showing how tjie labors of a careful 
I tmthwl observer may pass for more than a half of a century neglect* 

until, falling under the notice of those who know bow to appreciate 
m, the place which is their due is claimed for them in the history of 
moe. 

die authors have made a thorough demonstration of the manner in 
ich the respiratory movements are executed in turtles, and have shown 
t, with one exception, all writers on the subject from Malpighi to 
aasiz, including no less authorities than Cuvier, Johannes Muller, and 
ne-Edwards, have fallen into error. The mechanism of breathing in 
se animals, as described by naturalists, has been supposed to be as 
ows: by the depression of the hyoid apparatus and tongue, air is 
.wn into the mouth through the nostrils ; these are then closed, and, 
the raising of the hyoid, air is driven from the mouth through the 
ttis and trachea into the lungs, when inspiration is completed ; expira- 
is effected by the contraction of the abdominal muscles, and the 
Mequent compression of the lungs. This is all wrong. 
rhe authors of the memoir have proved that the hyoid apparatus has 
thing whatever to do with ordinary breathing, and that the movements 
respiration are really effected in the following manner: inspiration by 
) abdominal muscles, which, when in repose, form a deep concavity in 
her flank behind the sternum, those on each side somewhat resembling 
iiaphragm in shape ; as they contract, they become flattened, descend, 
iw down the viscera, and in so doing enlarge the cavity of the trunk, 
lich enlargement is followed by a rush of air through the trachea into 
e lungs, when inspiration is completed. Expiration is produced by the 
tion of a peculiar muscle, which the authors have for the first time 
mpletely described, and which previous writers have for the most part 
imooked, or have attached but little or no importance to it This has 
r lome been doubtfully considered as the homoiogue of the diaphragm, 
id nay be described as a broad digastric muscle, one of the bellies anV 
g from nearly the whole breadth of the fore, tho other from the hind 
irtof the shield and from the pelvis, and the two united by a broad ten- 
ia across the middle of the abdominal cavity; between this muscle in 
Mtand the shield behind are included the viscera. By the contraction 

it, and the consequent compression of the lungA, the movement of 

{nration is effected. We have taken pains to test this explanation on 
iviog animal, and have constantly found that the flanks descended 
d were flattened during inspiration, and ascended and became more con- 
v« during expiration, the hyoid apparatus all the while being motion- 
% Thus the comparison which, since the days of Malpighi, has been 
ide between the respiration of frogs and turtles, proves to be un^ 
inded, — and the abdominal muscles, which in other air-breathing ver- 
trates are expiratory, become inspiratory in the turtles, while the pre- 
ned homoiogue of the diaphragm is the true muscle of expiration. 
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The authors had reached the conclusion set forth in their memoir, 
when, on looking into the literature of the subject, they found thst in 
some respects they had been anticipated, as appears by reference to s 
Diisertation <m thi Respiration of a Tortoise, by Eobert Toumion^ LLJ)^ 
written at Gottingen, May, 1795. This the authors have reprinted in 
full, **as an act of justice; for, having conducted our enquiry with afnll 
knowledge of the opinion of modem authorities, we were surprised, on 
afterwards learning the singularly truthful views of Townson, to 6nd Uiat 
they had fallen unappreciated, and that in many instances they had not 
even been honored by a notice, or when noticed had been mentioned onlj 
to be condemned." 

In the dissertation above referred to, Townson fairly denaonstrated ths 
action of the abdominal muscles, and fairly recognized their true use, hii 
conclusions being based upon a series of well devised experiments. He 
however had but an imperfect knowledge of the compressor muscle, being 
ignorant of the anterior portion of it, and supposing that pressure wu 
applied only to the hinder lobes of the lungs instead of the whole of 
them. Townson^s explanation, which has b^n not only for the moit 
part neglected, but criticised by Cuvier as erroneous, has at length been 
raised from obscurity, and proved, as far as it goes, in all respects trne, 
and will hereafter receive the credit which it so richly deserves. 

In addition to the above mentioned results, the memoir contains a veiy 
important, and, so far as we are informed, an entirely new, investigstioa 
of the physiology of the nerves governing the movements of the glottis. 
We should pass beyond the limits of a merely bibliographical notiee if 
we entered upon the anatomical and experimental details on which it 
rests, and will simply add the following summary of them by the authon, 
so far as they relate to the nerves of the larynx. 

1st. In Chelonians, the superior laryngeal nerve is distributed both to 
the opening and closing muscles of the glottis. 

2d. The inferior laryngeal nerve is distributed solely to the opening 
muscle of the glottis. 

Sd. A true chiasm exists between the two superior laryngeal nerves. ^ 

This last proposition covers a curious and hitherto undescribed distri- 
bution of tlie Iar}*ngeal nerves, viz: a complete decussation or interming- 
ling, by means of the chiasm, of filaments from opposite sides, in a man- 
ner analogous to those of the optic nerve ; so that the muscles of the 
right half of the larynx not only get fibres of the superior laryngeal nerre 
of the same side, but, as it appears, in about an equal proporUon from 
the opposite nerve. The results obtained in experimenting upon this 
nerve will be readily explained by the anatomical facts just mentioned. 
Afler dividing the lower or recurrent laryngeal nerves, the motions of the 
glottis continue, since the upper nerve supplies both opening and closing 
muscles ; if in addition the upper nerve of one side is divided, they stm 
continue. Wause filaments of the undivided nerve not only pass to the 
niUK^tes of the same side, but, by means of the chiasm, to" those of the 
op|H>site : if the upper nerves of both sides are divided, the paralysis ii 
complete. 

Tho momoir Ci>n tains a lars»e number of anatomical details and of 
physiological experinients of great interest, which we must leave unno- 
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tioed : we will only add that the inyestigatioDB have been conducted 
ihfotighoat with great care and skill, showing that the authors are adepts 
in the only school which is likely to enlarge the boundaries of physio- 
logical knowledge, viz : the school of observation and experiment. 

J. w. 

V. ASTRONOMY AND METEOROLOGY. 

1. Discovery of Asteroid @. — ^This planet was discovered by Dr. R 
Luther, at Bilk, March 16, 1863. It appeared as a star of the 10th 
magnitade, and has received the name of Diana. The following elements 
have been computed from observations of March 16, 21, 26, and 31. 

Epoch, 1863, March 31*6, Beriin m. t. 
M = 

Q = 

• 

V = 

A* = 
log. a = 

3. Comet 11^ 1863. — On the 12th of April, M. Elinkerfues discovered 
a new comet in R. A. 309** and Dec 3** S. It was discovered independ- 
ently by M. Donati at Florence on the 16th. On the 19th of May, this 
comet was only ten degrees distant from the North pole, presenting the 
appearance of a round nebulosity 6 or 6 minutes in diameter. The fol- 
lowing elements have been computed by M. Loewy. 

Perihelion passage, 1863, April 4*89477, Greenwich m. t. 
Longitude of perihelion, 266^ 16' 17" mean eq. 18630 
Longitude of node, 261 16 61 

Inclination, 112 37 67 

Log. perihelion distance, 0*026080 

3. (Jomet III^ 1863. — This comet was discovered by M. Respighi at 
Bologna, April 13th, near ^Pegasi. The nucleus had the brightness of 
« star of the sixth magnitude, and the tail extended 40 minutes of arc 
The same comet was also discovered about simultaneously by M. Becker, 
near Berlin, and by M. Tern pel at Marseilles. On the 26th of April its 
tail was 2 degrees in length. M. Valz has communicated the following 
elements deduced from the observations of M. Tempel. 

Perihelion passage, April 22*089, Marseilles m. t 
Longitude of perihelion, 298^ 68' 

Longitude of node, 243 29 

Inclination, 86 27 

Perihelion distance, 0*6144 

Motion direct 

4. Observations of the Zodiacal Light; by Sttllman Mastsrman. — 
The zodiacal light is one of the most difficult to observe, in our latitudes, 
of the celestial phenomena. Besides the unfavorable position or invisi- 
bility in the twilight, rendering it unobservable for a considerable portion 
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of tbe year, the moon and eren the larger planets completely eclip 
mild light much of the time when it might otherwise be seen. 

Since the commencement of 1859, I have been able to obtain i 
observations of this body, mostly during the winter of 1801, which 
been confined principally to the determination of the position ol 
apex of the luminous cone in the celestial sphere. My method ol 
servation is as follows : — By means of a good star chart, I determio 
nearly as practicable, the right aseeruion and declinaUon of the verU 
extremity of the axis of the cone ; these codrdinates being then e 
eonvertible into those of longitude and latitude, thus giving the poc 
referred to the ecliptic 

I have devoted very little attention to the physical phenomena of 
body. Perhaps the phenomenon of rapid variations in brigbtnes 
served more than once, may not be without interest These are 
wave-like pulsations like those observed in the aurora borealis ; bu 
alternate brighteuings and dimmings of the whole area of the light si 
taneously. Sometimes a sudden brightening or dimming ia o\m 
without any other change following for a number of minutes. The 1 
was particularly observable on Jan. 9, last 

In the annexed small table of observations, the column headed ^ 
contains the difference between the observed longitude of the apex o 
light and that of the sun taken from an ephemeris ; in other words 
angular distance of the vertex from the solar centre. That besd 
shows the observed latitude of the vertex, north latitudes being rega 
as positive. 
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1861, Jan. 4» r5 
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73.9 
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3, 80 


781 
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Mar. 6. 80 


70-8 


+ 3 33 


7.8 5 


79*7 


+ 1 3i 


a8. 8-5 


7a*4 


- a 8 


Apr. 7. 8-5 


719 


— a8 


i86a» Dec, 11, 7'o 


71-4 


+ 3 17 


i863. Jan. 9. 6-8 
1 18, 8-3 


86-8 


+ 3 7 


90-5 


-0 8 



Wald, Franklin Ca. Maine, Apr. 15, 1868. 

5, Bffults of Oh$ervati<ms of Variable Stan at Weld^ Franklii 

» • 

Mitine : by Srii.L>iAN Masterman. — I send you the results of m 
M»rvation» of variable stars since the commencement of the year, 
fi^rmoil a design of observing all of those variables visible to the 1 
ev<^ h\wo such as reoutre only a small optical power for that pui 
hut A loni^ivtuiiuuvl illnoss fr^'^m which I now find myself far from 
cx<^tni>t hns limiie\i me to ihoso determinations annexed. 



1863, Feb. 26, 7h— Wt, 8. 
Mar. 17, 16 " 4. 
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^ PerseL 
Minimum, 1868, Feb. 2, 7i> 24« 48«, Wash. M. T.— Wt, i. 

X Tauri. 
Minimum, 1868, Jan. 18, 10^ 23»*, Wash. M. T.— Wt, 1. 

d Oephei, 

Minimum, 1868, Jan. 8, ll»»-6,— Weld, M. T.— Wt., 8. 

19, 7 •!,— ** 4. 

Feb. 4, 8 -5,— " 4. 

i Oeminorum. 

Minimwn, Maximum. 

1863, Mar. 28, O^— Wt, 1. 

Apr. 1,15 " 2. 

12, 1 " 8. 

22, 6 " 4. 

May 1, 7 " 2. 

/? Lyro!. 

Principal Minimum, Maximum, 

1868, Jan. 1, 6»»-3— Wt, 4. | 1863, Jan. 17, 6*>-8— Wt, 1. 

Second Minimum, 
1863, Jan. 19. 22b'8— Wt, 1. 

a Herculis, 

ObeervatioDs discontinued on this star, Feb. 15. 
Approximate time of Maximum, 1 863, Feb. 6. 
Weld, May 80, 1868. 

6. Evidence of the eoemical origin of shooting stare derived from ike 
Us of early star-showers, — Mr. Quetelet, in bis Physique du Olobe, de- 
tes a chapter to shooting stars. Doubts seem to have arisen in the 
od of the distinguished author respecting the origin of these phe- 
tneoa. Yet from this same chapter can be drawn a simple, and, as 
think, a very strong argument, that the star-showers, at least, are 
ued by the entrance into our atmosphere of bodies revolving about 
t son. And if this be admitted for the shooting stars of the annual 
iods, probably no one will deny that the sporadic meteors have a 
n'lar diaracter and origin. 

rhe return of the August and other showers on fixed days of the year 
^t possibly be due to meteorological changes. But if the magnetism, 
t heat the electricity, or the other properties of the atmosphere pro- 
se these annucU phenomena, the period should evidently be the tropical 
r. On the other hand, if rings of bodies revolving about the sun are 
I by the earth in April, ^gust, November, <Sz;c., thus causing these 
wers the cycle should be the sidereal year, or rather, should not be 
tropical year. The nodes of the rings move along the ecliptic, but 
i rate different from the precession of the equinoxes. The dates of 
earlier showers show quite clearly that the true period is not widely 
sreot from the sidereal year. 

1 the following tables are given the historic dates of star-showers from 
L JovB. Sci.— Second Seuiss, Vol. XXXVI, No. 106.— July, 1863. 

19 
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QueteletV list, id some cases changed to agree with the authority cited. 
They are expressed in the Gregorian calendar, aiK) therefore represent 
approximately corresponding dates of the tropical year. The later datei 
are generally omitted. To express these dates in a sidereal year there is 
given at the same time the corresponding day ^and fraction of a day) of 
1850; that is, the time when the earth's longitude in her orbit, meas- 
ured from a fixed equinox, was the same as on the day of the shower. 
The following formula is used in the computation. 

Let d? be the number of days to be added to the recorded date ex- 
pressed in the Gregorian calendar, i the given year of the Christian ert, 
n the number of leap years between the given date and A.D. 1850, ind 
/ the length in days of the sidereal year. Then, evidently, 

(1850- <) /=a;+866 (1850— 0+^- 
To reduce this to a form better suited for computation, observe ihii 
N is equal to the integral part of ^1851 — 0) minuB l^* pl«> ^ ^^ 
rection between the Gregorian and Julian calendars for the given dste. 
Let c be this correction, « be the remainder after dividing 1851—^ by 4, 
Z=d65^'256374, and we obtain, by reducing, 

ar=(1850-/)X-006374+i(e-l)+12-c. 



r«. . , ,1899—/ . , . , ^I999^t . 

The integral part of -— , minus the integral part of — ,giy» 

the value of 12— c. 

It will be observed that the secular variation in the Talue of 2, the 
motion of the apsis of the earth's orbit, the diminution of its excentricity, 
and the periodic perturbations are neglected. The terms dependent oa 
these would together rarely amount to one-tenth of a day. The eqnt- 
tion of the center is therefore omitted. 1 have subtracted three-tenths 
from the Chinese dates, and added two-tenths to the American dates, for 
diflferenoe of longitude. 

The noon of the historic date is taken when it is not stated whether 
the shower was in the morning or the evening. This involres an error 
not exceeding seven-tenths of a day. It should also be borne in mind 
that the shower in August (and probably those in other months) mwl 
be considered as continuing through more than a single day. 

Particulars respecting the several showers are given in Quetelet^s esta* 
logue ; also in Arago^s Asironomie Fopulaire, iv, 292. In the foliowisg 
table, reference is made to the memoir of £d. Biot, Memoires des Savtm 
Eirangires^ vol. x, Paris, 1848, to the paper of Chasles in the Comiptee 
JRendus, xii, 499, and to Herrick's catalogue of star-showei-s, this Jourosl, 
[1], xl, 349. The dates reported by Biot are from the Chinese annals. 

I. The April shower, — The following seem to belong to this period :* 

RC. 687, Mar. 16. corr. to A.D. 1860, Apr. 19-9. Biot. 
15, ** 25, " " " 19-6. 

A.D. 582, " 81, « «* " 181. Ouules. 

1098, Apr. 9-6, «* '* " 20'7. •* 

1094, •* 10, " •* " 20-8. •* 

* Compare with these the following showers for which the exact date is not gi^** 
A.D. 690, before Easter, or Apr. 4, corr. to Apr. 22*1. Ckaslet, 
741, " •* IS, •* " 28*8. •* 
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AJ>. 1095, Apr. 9*8, oorr. to AJ>. 1850, Apr. 20-2. Serrieh 
1096, " 10, '« " •* 21-8. ^ 

1122, « 10^, «' « «* 20^. « 

1128, "11, " ** *• 20-4. Okadei. 

1808, « 19-6, a a a ^9.9^ JSTmicifc. 

L The August shower. — To this belong the followiDg dates: 

AJ). 830, July 26, corr. to AJD. 1850, Aug. 9*2. Bioi, 

888, " 27, " " " 10-4. « 

886, " 26, «* " «• 8-9. * 

841, « 26, " «* «* 8-4. « 

924, « 26-28, " *• " 81-10-1. * 

925, « 27,28, «i « - 8*8, 9*8. <« 

926, «* 27, " " « 8-6. ** 
938, " 26-80, u u H 58-10-8. * 

1248, Aug. 2, <« «« « WHJ. Serriek. 

1451, " 5, *• ** « 10^. 5fo(.« 

IL 2%tf November shower. — ^The following appear to be ezhibttiooa 
lUs shower :* 

AJ). 585. Oct 25, eorr. to A.D. 1850, Not. 12-8. CftottM. 

902, " 29 or 80,- «* •• 1 1-0 or 12-0. iTerric*. 

1582, Not. 7, " ** " 10-7. Wartmann. 

1698, •* 8-6, *' " '« 11-6. 

1799, " 11-6, ** « " 12 9. HwnMdL 

1888, « 12-7, «^ " " 18-8. OltntUd, 

y. T%e December periods, — There appear to be two epochs in Br- 
iber, each naarking a distinct shower, viz : Dec. 6th-7th, and Dec 
h. There is no early date corresponding to the first epoch. The fol- 
ing belong to the second : 

AJ). 901, Not. 80, corr. to A.D. 1850, Dec 18'3. fferrieh 

980, « 29, '* " «« 11-6. Biat, 

1571, Dec. 8, >' *' « 11-5. Warinumn. 

[be remaining early dates of Quetelet's catalogue are arranged here 
comparison with those already given. A few, which do not appear 
iidieate star-showers, are omitted. Many of those retained donotl 
sr to auroras, or to moderate exhibitions of shooting stars. 





January. 




AD. 599-400, Dec. 28, 

745, Jan. 6, 

765, " 8,5 

848-849, Dec. 81, 

1118-1119, « 27, 


corr. to A J). 1850, Jan. 16*2. 
« «( « 20*2. 

i, " " «' 18-2,20^. 

'« 141. 

H U U 5.4. 

February, 


BioL 

Perrey, 

Biot mid Perrty, 

Ohatt^M. 


AJ). 808, Jan. 20, 
918. Feb. 7. 

918, " 6, 

919. « 6, 
1106, « 19, 


corr. to A.D. 1860, Feb. 90. 

« « " 20-2. 

" " « 18-9. 

" " « 18-6. 

i< u 28-7. 


Biot, 
ChatUi. 

M 
<l 

Herrick, 



' Biot givee July 27th, 0. S., or Aug. 7th, N. S., which are not consistent As 
' other dates are Old Style the former is presumed to be the correct day. 
A great shower occurred in the beginning of the year of the Hegira 696. This 
t began A J). 1199, Oct 80, which corresponds to Nov. 8 4. — I/ert'ick's Cata- 
u, No. 28. 
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Marek. 



AJ). 86, Feb. 7, 


oorr. to AJ). 1860, Mar. 2-1. 


Biet, 


807, Mat. 2, 


« 


a 


" 16-4. 


CkiuUt, 


842. " 6. 


« 


M 


« 19^ 


M 


842, - 17. 


(( 


« 


« 8 J -4. 


« 


881. - 14, 


H 


« 


« 28-6. 


M 


987. Feb. 19, 


« 


U 


•• 41. 


« 


1684, ** 28, 


«( 


M 

April. 


« tr% 


ForlvM 


AJD. 401, Apr. 9, 


oorr. to AJ). 1860. 


Apr. 29*2. 




688, " 6. 


K 


« 


« 24-4. 


CftM<M. 


889, Mar. 29, 


(1 


M 


« 12^ 


M 


889, Apr. 17. 


« 


M 


• 80-9. 


i»0<. 


840, •* 1, 


« 


« 


« 16-9. 


C3U«fiiL 


927, - 17, 


<« 


« 


- 29-8. 


BiaL 


984. " 18, 


« 


« 


- 80-a 


« 


1000, " 4, 


« 


M 


- 16-9. 


CJUmU. 


1008, " 2. 


(( 


M 


" 18-6. 


^uX. 


1009. " 16. 


« 


M 


« 276. 


CAejIft. 



May. 

A J). 889, Maj 12, oorr. to A J). 1860, May 26-2. 
842, •* 6, 

964, « 11, 

966, « 17, 



CkaalM, 



1168, 



8, 



(( 


M 


M 


19*4. 


M 


(( 


M 


M 


28-7. 


« 


(« 


»( 


M 


29-7. 


M 


<( 


M 


M 


19*^ 


M 



A.D. 



«6. 

784, 
1022, 



« 



AJ). 714, 
866. 



AJ). 682, 
1012, 
1087, 
1068, 



A.D. 288, 

686, 

981, 

984, 

945, 

1002, 

1486, 

1489, 

1748, 

1798, 



No shower in June. 

July. 

Jooe 26, oorr. to A J). 1860, July 
July 14, 
Juoe 28-80, ** 

Atigtut. 

July 19, Gorr. to AJ). 1860, Ajog, 
Aug. 6, •« « " 

September. 

Aug. 80, corr. to A.D. 1860, Sept 
Sept 17, 
Aug. 27, 
- 28, 



20-8. 
29-0- 
9-8-1 1*8. 



2-9. 
19-8. 



** 
« 



M 
M 



October. 



Sept 26, coir, to A.D. 1860, Oct 

« 26, 
Oct 19, «* 

" 19, 
Sept 20, 
Oct 20, 

« 11, 

« 14, 

" 16, 

« 14-6. 



$t 

« 
(< 
«( 
(( 
(I 



M 
M 
M 
M 
« 
M 
M 
M 
M 



M 
« 
M 
M 
tt 
M 
M 



176. 

28-6. 

71. 

7-6. 



18-2. 
18-0. 
81-8. 
81*6. 
8-0. 
811. 
16-8. 
191. 
16-4. 
16*8. 



Biot. 

m 



Bioi. 

M 



Bioi. 

M 



Bioi. 

M 

M 

ChaaUt. 

« 

« 

fferrich 
BrandeM, 
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November, 








SlUi.Oct. 21, 


corn to A J). 1860, Not. 


4-1. 


(^OiUi. 


86«. - 21, 


i< 


M 


M 


4-8. 


H 


970, Nov. 8, 


« 


M 


M 


20-8. 


Biot. 


979, " 2, 


« 


M 


M 


14-8. 


Ohatlit. 


1068, " 7. 


<c 


M 


« 


18-0. 


M 


1101, Oct 24, 


<l 


M 


M 


80. 


Ptrreif, 


1202, " 26, 


(( 


M 


M 


41. 


H§rrielu 


1866, « 29-6, 


(( 


M 


M 


6-6. 


<t 


U38,NoT. 8, 


« 


4« 


M 


7-0. 


BioL 



December, 

A J). 848, Dec. 1, oorr. to AJ). 1860, Dec. 16*9. Chtuiti, 

899, Not. 18, " " «« 1-8. ffmriek. 

1666, Deals, " ** « 171.^ ThiaJ«ar.a?)>nxT,461. 

t following dates are indicated by this table as deserving the atten* 
f observers, viz: Jan. 16-19, Feb. 19, Mar. 1-4, Apr. 28-30, Oct, 
I, and Oct 31 to Nov. 6. During this last period have occurred 
1 of the most remarkable showers on record. By giving to the 
of the November ring a procession of one day in 70 years most of 
would be brought into the November period, 
five of the dates given above, the day of the month depends upon 
ne of Easter. An error of the year, which might easily be made^ 
change the date. If for 538, 840, 1000, 1009, and 1158 we 
read 536, 842, 1002, 1010, and 1160, the dates of the showers 
correspond respectively to April 18*9, 20*4, 20*4, 19*4, and 18'9. 
) College, Jane 16, 1863. H. A. Nkwton. 

The meteoric iron from Newstead. — In the year 1827, whilst digging 
%i in the village of Newstead, Roxburghshire, Scotland, sticking in 
ly at a depth of from 3 to 4 feet, the second and largest mass of 
ric iron yet found in Great Britain was discovered. Although its 
ature had been overlooked, it has been preserved as a curiosity dur- 
5 years, until it attracted the attention of Dr. John Alex. Smith, 
ead a paper on it at the meeting of the Royal Physical Society of 
•urgh, (April 23d, 1862) from which we learn the following par* 
rs: 

external surface is rough and irregular ; its shape principally con- 
i; of a large rounded and lobulated mass, which tapers rapidly at 
tod to a four-sided pyramidal extremity, and terminates in an 
lely truncated point For a more detailed description it may be 
A into two portions : the larger rounded extremity, and the smaller, 
led, smoother on its suifaco, and tapering to a blunt point The 
' portion terminates behind in a broad blunt edge, and is formed W 
taring mass of rounded lobes irregularly grouped together, variabla 
3 and in their greater or less projection from its surface. A deep fur- 
ans obliquely round the whole mass, and towards the pointed ex- 
ty rises a large round prominent lobe with a smaller one on one 
ind two more irregularly shaped projecting masses on the other, 
imaller portion of the meteorite lies immediately in front of the 
Dent lobes just described, its rounded outlines rapidly changing into 

iMQme that the date, Dec. 8d, is old style. If not, the corrected date ihould 
u 7*1, and this belongs to the first December shower. 
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four irregular smoother planes, which, meeting one another with two 
acute and two obtui^e angles, (orm a somewhat pyramidal four-sided 
figure, tapering rapidly towards this end of the mass, and terminatiDg 
in an irregular quadrilateral extremity. 

In ius greatest length it measures IQf inches, and in its widest part, 
about the middle of its length, 7 iuches; its circumference round the 
larger extremity is 1 foot 3 inches, in its widest part, round the lobDlar 
projections, 1 foot 8^ inches, while within 1^ inches of the point its 
circumference is only 9^ inches. 

It weighed 32lb6., 11 ounces and H drachms avoirdupois. 

Its surface has a dark reddish brown, in some parts a blackish, color; 
the lobulated parts show here and there, especially in the furrows, qxyti 
of a brighter red color. For the purpose of preserving the original shape, 
plaster casts were taken before it was cut up. 

It was cut longitudinally into two portions, and one of them again 
into smaller slices. 

It was found to be entirely free from any foreign admixtures, such ai 
olivine, etc., and of a bright white color, and solid, dense, and steeMiks 
throughout In attempting to file ofif a portion for analysis, the filiogi 
were black, and showed little of the metallic appearance of pure iron, tbe 
hands becoming much blackened, as if plumbago was mixed with the iron. 
It was extremely hard and toufi[h, but the mass varied in its resistance to 
the file and a graving tool. The lobed and rounded portion resembled 
cast iron, but was harder than untempored steel of the best quality, 
though not so hard as the prepared ^el plate of the engraver. The inner 
portions were softer and more open in texture than that next to its 
outer surface ; the prism-like point was tougher a?d more like hammered 
iron. The mass was apparently not malleable but brittle. Etching bja 
mixture of nitric and acetic acids showed upon the surfaces the rough 
irregular projecting lines of the crystalline structure of the mass, which 
had been but slightly acted upon, the dark spaces and lines lowing 
where the acids had the greatest effect A small patch near the middle 
of the rounded or lobed portion etched with dilute nitric acid has a sim- 
ilar appearance, but displays more distinctly the characteristic and frosted- 
like lines of crystallization crossing each other at various angles. These 
lines are very fine and minute in texture, and the meteorite resembles in 
structure that of hazelnut size found many years ago at Leadhills, and 
described by R. P. Greg, Esq. 

Dr. Murray Thomson found the spec. grav. of different portions, 6'1911l, 
6*499 and 6*7400 ; that of the pyramidal portion 6*750 ; that of the 
lobed portion 6*350, that of the whole mass zii6'5l7. The compositiott 
of the meteorite is according to Dr. M. Thomson : 

Iron, - - - 93*51 

Nickel, - - - 4-86 

Silica, - - - 0-91 

Carbon, - - - 0-59 

98-87 

8. 7%« meteoric iron from Sarepta. — Director Wm. Haidinger madeit 

the meeting of July 24tli, 1862, of the Imperial Academy of Vienna, soma 

interesting observations on the meteoric iron from Sarepta. His paper i« 

accompanied by two plates, one showing the peculiar appearance of the 
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Barepta iron Id three positions, the other representing prints from a 
galvanoplastic copperplate, prepared from the etched slices of Sarepta 
and Arra iron, showing their structure ; together with two prints from 
the etched plates themselves. 

Although it is very difficult to form without these illustrations a cor- 
rect idea of the appearance and structure of this meteorite, we will give 
the following abstracts : 

It was found in 1854 on the right bank of the river Volga in the 
steppes of the Kalmucs, SO miles (German) from Sarepta in the district <^ 
Zarizin, Govt Saratow in Russia. Its original weight was 32lbs. 58 zolot- 
nik, =31-58 lbs. avoirdupois or 14325 grs. The first notice of it was 
given at the meeting of Nov. 18th, 1854, of the Imp. Soc. of Naturalists 
of Moscow, by Dr. Auerbach, who exhibited it for Constantine Glitach of 
Sarepta, at whose direction plaster casts were made of the mass, the 
original however being cut to pieces for distribution. 

K is a compact iron mass, pretty rich in nickel, rounded at the edges, 
and entirely free from olivine or any other foreign substances. The Sa- 
repta meteorite is one of the most remarkable and peculiar known ; a 
most characteristic difiference, distinguishing its two sides, can readily be 
perceived. The front side has the form of a gently sloping arch, similar 
to a spherical surface, the radius of which is about 9^ inches. The 
nmndish depressions upon it are only from 1 to 3 lines in depth, their 
diameter being from 1 to 1^ inches ; the back part, on the contrary, is 
foil of rounded indentations, excavated to a depth of 1^ inches, the form- 
ation of which can be easily imagined to have been produced by the 
melting off by pointed flames uniting backwards. The model does not 
•how well the characteristic sharply turned up ridges produced by the 
melting of the crust. 

From all these data there seems to be no doubt that the position here 

suggested was really that which the meteorite had during the cosmical 

part of its path. The centre of gravity lies certainly nearer to the flat 

spherical convexity than inside of the ruggedly juxtaposed cones and 

excavations, notwithstanding the flat mass which projects here with its 

brosd plane. The stone of Stannern, which Haidinger described a short 

time ago {this Journal, [2], xxxii, 138), has a similar disc-like shape; but 

the large mass from Agram of a flat disc-like shape, would answer still 

better tor comparison, the two sides of which are so different, that with 

the greatest probability we might infer that it had a rotation in its plane 

roQDd the axis of its orbit. 

The Sarepta iron does not appear to have been very long exposed to 
the atmospheric influence.', its surface being hardly acted upon by rust. 
It presents in its structure many analogies with that of Arva. The 
Khreibersite in the figures upon the plates of the Sarepta iron does not 
Bbow any interruption in its direction, although it does not penetrate them 
Uniformly. The meteoric iron immediately adjoining the schreibersite 
Bhowtf distinctly fine characteristic striae and hatchings, most plainly in 
the darkest portions, and through them a damasked appearance, if exam- 
ined with a magnifier. The diflerent parts on account of the different 
^exion of light appear paler or darker grey, some even quite dark and 
^thont lustre, but, cut in a different direction just these portions would 
Pfoent more lustre and damask, and others which are now the most 
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brilliant would show it less. Tet these padded particles which produce 
such different impressions do not appear to be of different nature, their 
position only in the compound causes the different appearance. The 
Sarepta plate consists, in one of its corners, of meteoric iron onlj without 
any schreibersite, but of two peculiar varieties ; one is pale gray, smooth, 
brilliant and full of strise and hatchings, intersecting at right and obliqoa 
angles, nearly as a square and its two diagonals ; the other is quite dull, 
dark gray, more granular in texture and abruptly separated from the 
other. Held towards the light in very oblique angles, it shows a paler 
gray color, and a little lustre caused by the damask. Scattered throngii 
the dull dark mass are very minute brighter shining particles. 

The Arva plate shows the intersections of the brilliant schreibeniie is 
three directions at angles of 60 and 1 20**, the iron being dull and iuk 
gray without strise ; in one corner there is some graphite, 'incloting t 
roundish parcel of sulphid of iron. The plates from Arva iron, however, 
present great differences amongst themselves. F. A. Qtb. 

9. Meteoric Iron from TucBon^ Arizona, — A mass of meteoric iron fron 
Tucson has been presented to the city of San Francisco by General Ctrle' 
ton. In a recent letter. Prof. Whitney states that this iron is 4 feet 1 inch 
long, and weighs 632 lbs. It was found at or near Tucson, Arizona, bj 
Gen. Carleton*s California column on their march through that region, 
and has evidently been used for an anvil, although it is not the one fig* 
ured by Bartlett as having served that purpose. 

A specimen of this meteorite was sent to Prof. Brush, of Yale College, 
for chemical investigation, and we condense the following account of thii 
examination from a letter addressed to Prof. Whitney and published in vol. 
iii. of the Proceedings of tJie California Academy of Natural Sdeneet: 
*'An inspection of the specimen with a lens showed it to be dotted with little 
cavities which, on the fresh fracture, were lined with a white silicious mine- 
ral, giving the surface a porphyritic, or pscudo-porphyritic, appearance. Its 
specitic gravity is 7*29. When a fragment of it was placed in a solution 
of neutral sulphate of copper, it became quickly coated with metallic cop- 
per, proving the iron to be * active.' Attacked with an acid, a portion of 
the iron was dissolved, leaving the silicious mineral projecting from the sur- 
face of the specimen ; and, with a magnifier, black particles of schreibers- 
ite could be seen. After complete solution of the iron, a careful micro- 
scopic examination was made of the insoluble residue. With a magnify- 
ing power of 25 diameters, it appeared to consist chiefly of two substan- 
ces : one a inilk-wlnte to transparent mineral, having a fused, rounded 80^ 
face, occurring in little globules, or elongated, rounded particles ; while 
the other constituent was black and angular, and attractable by the mag- 
net The first named substance, when observed with a magnifying power 
of 100 diameters, proved to contain minute specks of the black mineral 
disseminated through it; some of the silicious fragments were translucent 
and of a milk-white color, and others colorless and transparent; a large 
number, however, were transparent at one end, shading into milk-white 
at the other, thus seeming to indicate that the transparent and translucent 
portioiiH were not two distinct minerals. A blowpipe examination of the 
silicious mineral showed it to have oharncters very much resembling 
olivine. The black mineral proved to be schreibersite, A minute traoe 
of chromium was also observed in the insoluble residue. 
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16 qnalitatiTe analysis of the portion soluble in nitric acid indicated 
>resenoe of iron, nickel, cobalt, copper, pbospboms, lime, and mag^e- 
vith unweighable traces of chlorine, sulphur, and alumina. For the 
itilative eiamination of the meteorite, a fragment weighing 4*3767 
iiiiea was treated with nitro-chlorhydric acid (aqua regia), and after 
ion of the iron the whole was evaporated : on approaching -dryness, 
tiDoas silica separated, showing that the silicate had been partially, 
Must, decomposed by the acid. After heating until the silica was 
ered insoluble, it was repeatedly treated with acid and CTaporated, 
\ to insure the oxydation of all the schreibersite, and finally the solu- 
lart was taken up with chlorhydric acid, and on dilution separated by 
tion from the silica and insoluble residue. 

tie ituolubU ruidtu^ containing free silica and undecomposed silicate, 
perfectly white and free from all traces of schreibersite. It weighed 
65 grm., equal to 4*24 per cent of the specimen analyzed. It was 
i with carbonate of soda, and the silica and bases determined in the 
J manner. It contained 0*159 grm. silica; 0*0054 protoxyd of iron, 
1 a minute trace of alumina; 0*0028 lime, and 0*0168 magnesia, 
he soluble and insoluble portions gave in the analysis the following 
entage composition : 

ConslderlDf the tillea to exist m oltTine. 

IftJO 81-6e 79*44 

Nickel 9-17 917 

CobAlt 0*44 0-44 

Copper 0H)8 0-08 

Phospboms 0*49 0*49 

Silica 8-68 



alumina.... ) \ Pr«toxyd of iron. ^ 10-07 
TJmn .: i-i A I making ol'^»°e* • ) 

»ia 2* 

ne, J 

Dr. V . . . .mil 

uum, ) 



Lime 1*16 

If agnosia 2*43 

Chlorine, 

Solphur. }> . . . .minute traces traces. 

Chromium. 



99*0a 99*69 

f the silica found in this analysis be considered to exist in combina- 
with lime, magnesia, and iron, in the proportions to form olivine, it 
be necessary to deduct 2*12 per cent from the amount of metallic 
(equal to 2*73 per cent of protoxyd of iron), in order to give the 
ite the olivine formula (SRO, SiOg). Admitting this to be the cor- 
viewy the mass analyzed contains 10*07 per cent of olivine, and by 
iddition of the oxygen of the protoxyd of iron the analysis adds up 
9 instead of 0908. 

le composition of this meteorite corresponds very closely with an- 

r meteoric iron from Tucson, discovered by Mr. Bartlett, and described 

*rof. J. Lawrence Smith, in the Am. Joum, of Science, 2d ser., vol. xix, 

161. Dr. Smith's analysis gives iron 85*54, nickel 8*55, cobalt 

copper 0*03, phosphorus 0*12, chromic oxyd 21, magnesia 2*04, 

3*02, alumina trace, =100*18. He considers it to correspond to 

liferoua iron 93*81, chrome iron 0*41, schreibersite 0*84, olivine 5*00 

0*18. By an evident inadvertence, Dr. Smith adds the magnesia 

JOUX. SCL— 8BCOND SbKUCS, YOL. XXXVl, No. 106.-^ULT, 1868. 
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and mlica together, and gives the Bnm as oliTine ; these substances are 
obviously not in the proportions to form the silicate SRO, SiO,, and if 
we consider the silicate to be olivine, we must reckon the excess of silica 
as combined with protoxyd of iron. To do this, we must deduct 2*83 
from the amount of metallic iron (equal to 8*64 protoxyd of iron), neces- 
sary to be combined with the silica and magnesia to give the divine 
formula. The amount of olivine contained in the Bartlett meteoric in» 
will then be 8*70 per cent Thus the two masses of iron will be sesD to 
agree very nearly in composition, the only trifling difference behg^ tbtl 
Dr. Smith has determined quantitatively the small amount of chromion 
contained in the Bartlett meteorite, while I have found a little lime and 
traces of sulphur and chlorine in the specimen you sent to me. The 
specific gravity I have stated to be 7*29 ; this was taken on aboat 12*5 
grammes of the iron, and probably is somewhat higher than the portioi 
which I analyzed, as the two surfaces of the larger specimen had beeo 
rubbed down, and as thus a considerable portion of the exposed silicate 
would be mechanically removed, it would make the density oc^respond- 
ingly higher .'^ o. J. a. 

10. Meteor of April I9th seen at Philadelphia. — A brilliant meteor 
was seen at Philadelphia and vicinity, on Sunday evening, April 19th, 
at 10 minutes before 8 oVlock. 

Its apparent size was rather le8» than that of the full moon, its brilliaoej 
considerably greater, form globular, and direction of motion neariy froa 
west to east, tending slightly southward. 

It seems probable that its first appearance was over the eastern edge of 
Chester County, although the data are not sufficient to determine satii- 
factorily either the place of beginning or the velocity. It is very clearij 

? roved, however, by comparing observations made at Philadelphia, Wot 
own (4 miles east of West Chester), Wilmington and Odessa, Del, 
that it disappeared over the western part of Camden County, N. Jt 
(probably about 5 miles north of Glassboro), at a height of between 12 
and 20 miles. 

The duration of visibility was estimated at from 3 to 6 seconds. 
Both at Wilmington and West Town, it was followed, after an inteml 
of about 3 minutes, by a noise like thunder. At the former place, a 
gentleman who did not see the meteor compared the sound to that of a 
cannon at Fort Delaware, ten miles distant 

VI. SCIENTIFIC CORRESPONDENCE. — Observations on SuUar Spei^ 

EDrroos or the Am. Journal, &c. 

Gentlemen : During the past year several European astronomers hare 
been occupied with the observation of stellar spectra. I have now befon 
me the results obtained by Donati,^ Airy,' and Secchi.* I will at present 
confine myself to a short notice of the forms of instruments used by eaek 
as described in their published notices. Donati used a large bumiog 
glass, fifteen inches aperture and sixty-two inches focal distance, not 
achromatised, mounted equatorially, the cone of light passed through a 
fine slit before reaching the focal point ; after crossing at the focus it 
traversed a cylindrical lens, thence, after being rendered parallel by aa 
achromatic lens, fell upon a fiint glass prism of about 61^, emerging from 

> Monthly Nolicew, January 9, 1868. ' Ib^ April 10, 1868. ' Attr, Hack, 1406 
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irhwh it was received by a small achromatic objective, and observed with 

in eye-piece magnifying twelve times, in the focus of which was placed 

I bar movable by a micrometer screw. 
From my experience in the observations of stellar spectra, I should 

note several defects in this arrangement 1st The absence of achromatism 

in the great eondenser, in consequence of which but a small portion of 

the spectmra can at any time be brought to an approximate focus, and 

ioe definition of the lines nowhere obtained. 
2d. Too much power in the observing telescope, the objections to 

which are manifest 
Xd. The uncertainty of making a contact of the micrometer bar with 

ikb lines, there being no illumination: 
4tb, The want of a check, such as the presence of a flame line in the 

Ud of view, to insure the detection of such small displacements of the 

spectrum as even a fine slit will permit 

The results of these instrumental defects will I think be seen when we 
hereafter examine the observations. 

The Astronomer Royal describes the form of spectroscope used at 
Greenwich, where it is attached to the eye-tube of the great equatorial of 
twelve inches aperture. He says *'The pencil of light from the object 
fUis, which has converged to form the image of the star, then diverges, 
lad (alls in a wide and divergent state upon the prism ; after emergence 
it is received on a combination of lenses which causes the pencils for the 
different colors to oonvet^ge." 

The image is observed with a micrometer, the field being illuminated 
hj tn annular reflector. In this form neither slit nor cylindrical lens is 
vied, but breadth is given to the spectrum of the star by the creation of 
tkerrations in two ways ; first, by placing the prism in a position not 
UuU of least deviation, and second, by the uncorrected state of the ^' com- 
biastion of lenses " through which the light reaches the micrometer after 
traversing the prism. 

Reference is made to the lines of the solar spectrum -in the following 
iDSDDer : A diaphragm, pierced by a hole 3^7 ^^ ^^ ^^^^ ^^ diameter, is 
plseed in the focus of the great objective ; when turned upon the sun, 
thn hole represents the image of a '^star of solar matter," and its lines 
ire measured by the micrometer ; an eye-piece containing a wire of refer- 
ence is inserted with a reflector in a lateral tube and the position of the 
small hole observed. At night, the diaphragm is removed, and the image 
of the star is made to occupy the same position when seen in the lateral 
eye-piece occupied by the sun-illuminated hole, the eye-piece and re- 
flector are then removed, and the observation made by the micrometer 
upon the star striae. 

Mr. Airy, in his description, speaks of this form of spectroscope as ex- 
ferimental, and expresses some doubts of its ability to define with great 
ibarpness. This defect must necessarily result from the construction of 
the instrument, since the lines are only rendered visible by the existence of 
iberratioos, which are destructive of line definition. The spectrum not 
being confined during the observation to any certain part of the field of 
view, by a slit or other check, the truth of the measures depends entirely 
spoo the exact running of the equatorial driving clock, which is not to 
be trusted. The illumination of the field must necessarily obliterate the 
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Dxlrcmilieft of faint Bpectra, and render the observation of many linn 
iui|>(>hhii>le. 

Secclii*H fc(>cctr(>!H;ope is on the whole much better than either of tbe 
former. Tlie lif^hi of the great lioman equatorial passes through a slit 
at the f(K;al point, then traverses a cylindrical lens, then is rendered pi^ 
all el by a lens, and then falls upon the prism, which is a compound strae- 
ture cuni|)Oiied of four flint glass prisms of 90° cemented to five crown 
glass pri.sms of the same angle, and so arranged that the axis of the 
M|>ectrum or centnil green ray is a prolongation of the incident pencil : 
the Hn)ouiit of dispersion obtained by this form is the excess of tbe 
ftnir llint prisms over the live crown, and with ordinary materials will 
amount U) iilM>iit the dispersion of two 65" prisms of flint glass. Thisdii- 
jioniiun is sn ^reat that the lines in the stellar spectra are seen without in 
oliMfrvin^ teloHoope. They are referred for measurement to an illuminated 
Honlu reti<><!U*(l iVotn the last Kurface of the prism. This scale is made by 
tint) piM'toralions in a moUilIic plate. The instrument is provided with 
a refli^'tor fur the pur|>oso oi comparing the star lines with those of t 
flanit\ 

Tin* only objootion I can see to this form of instrument is the greit 
thickursH of ^U\<» in the jtri^nis, the consequent absorption of light, sod 
tho iniToased ilanger of heterogeneity of material. Its great advants^fei 
aro that it reaches the Si*paration of the lines by the dispersion of tbe 
prinuiH rather than by the power of an observing telescope, and tbat it 
pDHsessoK (ho nienns of coni^tant reference to a standard flame to cbed[ 
any deviation in the place of the spectrum. 

The advautasfe tirsi named is nuieh greater than would at first be sup- 
ponetl, as 1 li.-tve rivently proved by the substitution of a bisulphid of 
oaibon prism tor tlie flint ^la>s fornieily used in my star spectroacopet 
With j»u e\e-)»ie»v ot* one half of the jK)wer formerly used, I have now a 
»|Hvtrum loui^er th:in betore with nu»re than double the intensity of ligbt, 
and u oiMi'ieqiion: ro\el.-iiion of stria* not l»efore seen. 

I h:i\e peih:i;vi tresnasseil t^v mueh up^m your space in this note upon 
the iu»irmiient;«I ac«'»Ky s^> far broucrht to War upon the spectral anilytt* 
ot" tlu» st;»i>. I Mi: ilie>e invesii4jH:i%'Hs are yet in the cradle, and it 8i i> 
pMslu'ted, till V ;ui* dcsiihid lo assume a jreai importance in the study of 
iho \vuNU5uroiJ of trie uuivcTso, it will not be amiss to point out tolhoie 
aKnit ti> emSaik in :;ke lu'w r.^M of lalvr. the advantag<:s and defects of 
iho stMr *}Hv;:x»>v-.nv .s< :; a: p't^^^n: s;.^n«is. 

In tho Apnl No. o:" the }fj'*:\\ .Vt.;iiV#, Mr. Glaiftber describes ob- 
solvations ou the !crc-'' ^'- •■"-^' s;Hv:rum v^btaTned from the skv atdiftr 
«Mi ; a ' I ' t •» J I u>. m A x: o I \ ': . • ir. «.: ;: : : i ' his bal lvX"»3 ascension on the 3 lit oi 

A: tlix* s«j;:'h.v )\' mh ;:.c siv.v;rjm frv^ni l> to beyond G, and all the 
pn n X • I V* '. . I ■ ^ «' ^ V .: »* " v r- ^ : ':•. o :" : h o sp<c : r ;: la i;rTad uai iV decreased until at 
\\'s A , ;.:x-x' o:" 4t '*• iS X ■;.*,; i^- s:xv;:u:i\ He says. "^ The shortening 
%' ( \ '; ,' x; sv : • .: iu « • ; h * :- »* rv.vw oc « i* * * :: j - :^ iv have been, and inoei 
i'K. \ \^.-«N .« '.'^i :,' i*s". o:' .-Vr.: .i';ivu^ :o my senses there waa 
.-**•;•.;•.•.* *x V .' <'v> A. ..c- -. v.*t >»As vt" 5 d^T OArk blu*, tlie suD waa 

\ >%' xV.",» '•:\c . . , *.yv uv .*SJsJ•^^ ':v Mr. Glais'her is without 
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of the blue sky, which at that great altitude held but little vapor in 

suspension capable of reflecting white light It is to be regretted that he 

did not make a series of observations upon the spectrum obtained directly 

fronoi the sun. Such a series would have been of great value in deter- 

miDing the agency of our atmosphere in producing lines in the spectrum ; 

and it la very necessary for the precision of astronomical chemistry to 

determine accurately which lines are telluric, and which are attributable 

Id a celestial origin. You will remember that in my note to you of 

April last, contained in the May No. of this Journal, I sent you a diagram 

of the nine lines of which I found the solar D to be composed. I have 

iince that date satisfied myself that of this group four only are truly solar 

lines and five telluric. Of this nature are the three faint lines on the red 

lide of Kirchhoff*s central line and the two faint ones next adjoining it 

OD the green side. My proof is that these lines, although difficult objects 

at noonday with a battery of eleven pri^^ms, are seen with ea^e near 

tiiiiset with two. The whole of the yellow region of the spectrum is 

crowded with telluric lines, and it is most desirable that they should be 

accurately known. I am very respectfully yours, (fee, 

Lewis M. Ruthbrfurd. 
Few York, June 8, 1863. 

VII. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Om a System of Mounting Insects for the Microscope; by Hbnrt 
T. VicEBRB, B.A. (From the Journal of the Royal Dublin Society^ No. 
• Si, p. 271.) — ^The insects, after being caught, are put to steep in a solu- 
tioB of caustic potash, until they become clear, or nearly so; the strength 
cf the solution which I think the best for general purposes is, half a 
^ntehm to the ounce. If stronger than this is used, I find it acts on 
the wings and delicate parts before the interior is sufficiently dissolved. 

The next step is to place the insect in water, to wash away the potash. 
I generally allow it to remain twenty-four hours in water; I then take 
the slide on which it is finally to be mounted, and having rubbed it well 
to dean it, I float the insect on to the end of the slide, and not the mid- 
dle (the reason for this will presently appear). I then place the insect as 
•etny as possible in the form in which I wish it finally to appear; and, 
liking another slide, at the end of which I hold a small bit of blotting 
pfer, I lay it over the slide which has the objeca on it, the blotting 
ptper being over and next the object ; then gently and gradually press 
the two slides together, and pass over them a small clip made of flat 
bmi-wire, and put the entire arrangement in water, to remain for twelve 
hoQrs, at least. 

Then take off the clip, turn the blotting paper which projects down 
^er the slide which has the object on it, slip the other one off, and then 
gently peel off the blotting-paper, and in nine cases out of ten the object 
vill adhere to the glass. Should you find the object sticking to the blot- 
ting-paper when you begin to peel it off, then try another corner, or even 
1 third, before using a needle to it, — the great object being to use the 
Medle in touching the insect as little as possible. Having got the blot- 
ting-paper off, and along with it most of the dirt, the next thing is to 
nore the object to a clean part of the slide ; and as the object is at the 
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end of it, you can give the centre an extra rub before moving the innect 
into it. The rooviDg is done, not with the needle directly, but by drop- 
ping water on the slide from a pipette ; and you will find that the insect 
will float on the top of the water, and can be easily guided to the centre 
of the slip ; a touch of the needle will letain it there, and the water can 
be drained off. And now the eye-glass or dissecting microscope must be 
brought into action, and the object finally set out. The parts are still 
limber, and can be arranged, which they could not be if the objects were 
soaked in turpentine to make them clear, in tlie first instance, as they 
used to be. The object, being arranged, must be left to dry. 

The most convenient way I find to be, to tie up a number of slidei 
together, with a bit of cork between each : I think it better not to lesfe 
them too long to dry, as the turpentine penetrates more easily if th^ 
are not too dry. I then put the entire bundle into a large, wide-moathed 
bottle of turpentine, and the longer it is left there the bettter. 

When proceeding to mount, I select a number of covering glsMi, 
such as are likely to suit one of the bundles, and, after cleaning, plsce 
them on a long brass plate over a gas jet, and dropping as much Gaiitdt 
balsam as will just fit on the covers, and applying as much heat as vill 
enable me to skim off the bubbles with a needle, I allow the covers and 
balsam to get cold ; I then take one of the covers with a small forceps, and 
plunging it into a vessel of turpentine, apply it at once (balsam down- 
wards, of course), to the object on the slide, slip on another brass clijH 
which is made so as to touch the cover only in one point, and that point 
the centre, then lay it on a little tin tray : when all the bundle or ban- . 
dies are thus mounteil and placed on the tray, I put the tray itself in a 
slow oven, and leave it there till all the turpentine is pressed out bj tbi 
spring clip under the action of the low degree of heat. If too much beat 
be applied, the turpentine in the inside of the animal will boil, and bob- 
bles will be produced, which you will find it very difficult or impossible 
to get rid of, and the object is spoiled. 

It is in this part of the mounting that I- consider my system has a 

great advantage over others which I have heard and read of. Some uM 
alsam thinn^ with chloroform ; when such is used before the speci- 
mens are perfectly dry, they are easily displaced, and in some instanoei 
entirely rubbed off the slide. I have heard of this having happened with 
several English mounted objects; and I myself have seen, in one of these 
which I have, the fluid mass moving in the inside, and running about 
among the legs of the animal, proving to me that I must be carefid 
bow I clean it ; and I fancy that when the balsam does dry, it becouMi 
very brittle. Mounting the way I do, when the slides have become desr 
and free from streaks in the oven, they are quite hard, and may be at 
once cleaned ofl* with benzole and washing-soda. 

2. Collection of Minerals and Chemical Apparatus belonging to ihs 
late Prof, Manross,^ — This collection consists of about 600 good speci- 
mens of rocks and minerals, together with many hundreds of smaller sin. 

[* It will be remembered that Professor ((^Hptain) ManroRs fell at the battle of 
Antietam, Sept. 17, 1862, while leading a charge. It would be a most wortliy act of 
recoffnitioQ of his patriotic devotion to purchase his instruments and collectioos fur 
the benefit of his widow.] 
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ley are moBtly from New England, and embrace several larse lumps of 
e Haddam chrysoberyl rock now no longer to be obtained. Many valu- 
•le specimens of gold and sulphur from South America and Mexico are 
K) embraced in the collection. The entire cabinet has been appraised 
the moderate sum of $100. 

Among the apparatus are balances for analysis, a reflecting goniome- 
r of the most finished and perfect German construction, and platinum 
id silver crucibles. The whole may be viewed at any time at the resi- 
tnce of Mrs. Manross, at Forrestville, Conn., or information respecting 
em may be obtained by application to Prof. C. U. Shepard (one of the 
ipraisers of the estate) at Amherst College, Mass. 

3. Transactions of the Academy of Sciences of St, Louis, Vol. II, No. 1. 
18 pp^ 8vo, with several plates. 1863. — This number contains many 
ilnable papers, among which are the following : on Botany and Mete- 
rology (noticed on page 128, this vol.), by G. Engelmann ; on Geology 
nd Paleontology, by B. F. Shumard, G. C. Swallow, and H. Engelmann ; 
A Atmospheric electricity, by A. Wislizenus ; on the A^nt of Pike*» 
?6ak, by Dr. C. C. Parry. 

4. Insecteans, — On page 7, in mentioning names for the subdivisions 
i Insecteans, the word for the second division is written Octopods. Aa 
iiis is identical with the name for a group of Cephalopods, it would be 
Met to substitute the equally, or even more, correct form of the word, 
(ktapods, — ^j. D. D. 

0. Officers of the American Academy of Arts and Sciences, chosen 
Ui]r26, 1863. — President, Asa Gray. Vice-President, Charles Bbok. 
Corresponding Secretary, William B. Roosrs. Librarian, Josiah P. 
OooEE. Trectsurer, Edward Wigglesworth. Council, The President, 
Vice-President, and the Secretaries, ex officio, Thomas Hill, George P. 
BoHD, John B. Henck, A. A. Gould, Louis Agassiz, Jeffries Wymak, 
BoBEBT C. WiNTHROP, George K Ellis, Hbnry W. Torrey. Rumford 
Cmmittee, Joseph Lovering, Morrill Wyman, William B. Rogers, 
Joseph Winloch, Charles W. Eliot, Theophilus Parsons, Cyrus M. 
Warren. Finance Committee, The President and Treasurer, ex officio j 
V IxoBRsoLL BowDiTCH. Publication Committee, Joseph Lovering, 
lirraiBs Wyman, Charles Beck. Library Committee, A. A. Gould, 
VFiluam p. Dexter, J. B. Henck. Auditing Committee, Thomas T. 
Bouvi, Charles E. Ware. 

Book Notice.— 

6. Chauvenefs Spherical and Practical Astronomy,^ — In this work we 
ui?6 fresh evidence of the success with which astronomy has been culti- 
ited of late years in the United States. The want, long ago felt, of 
ome treatise on Practical Astronomy more modern and accessible than 
be bulky volumes of Pearson, was first met by the work of Prof. Loomis, 
oblished in 1855, which was at once adopted in the Universities of 

' A Manual of Spherical and Practical Astronomy : embracing the General 
Rkblems of Spherical Astronomy, the Special Applications to Nautical Astronomy, 
td the Theory and Use of fixed and portable Astronomical Instruments. WiUi 
I Appendix ou the Method of Least Squares. By William Chauvrxet, Professor 

Mathematics and Astronomy in Washington University, Saint Louis, (Mo.) 
>l I, Spherical Astronomy. Vol. IT, Practical Astronomy. Philadelphia : J. B. 
ppinoott A Co. London : Trubner A Co. 1868. Pp. 708, 632, 8to. 
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Cambridge nnd Edinburgh as a text-book, and commended by leading 
Englidh astronomers as the best in the language. The success of thil 
work leads us to anticipate for Prot Chauvenet's masterlj and more ex 
tended treatise a reception, abroad as well as at hon>e, everj way wortbj 
of its rare merits, and honorable in the highest degree to American 
science. It is fitting that, as we have already given to Practical Astron- 
omy some of its most original and important improvements — as, for ex- 
ample, the American, or chronographic, method of transits, the tele- 
graphic method of longitude, and Talcott's method of latitude — so we 
should also give to it a treatise of corresponding importance — such u 
one, in fact, as the work before us — the most complete and thorough thit 
has yet appeared in any country or language. 

Reserving for a following number of this Journal a more elaborate re- 
view of these volumes, wo can here only indicate in brief their scope and 
leading features. The first volume, on Spherical Astronomy, discusses^ 
with almost exhaustive completeness, the questions of parallax, refraction, 
time, latitude and longitude, eclipses, aberration, astronomical constants, 
etc. These discussions are characterized throughout by that remark- 
able generality and mathematical rigor, which belong distinctively to the 
German methods of investigation, so successfully employed by Benel, 
and others of his school. Based upon these methods, Prof. Chaovenet^ 
work represents astronomy in its most modern and perfected forms of 
research. Many of the investigations are, either wholly or in part, origi- 
nal — such, for example, as of some of the formulie for latitude and 
eclipses, occultations of planets, improved methods of lunars, Ac. 

The same completeness and rigor of analysis characterize also the lee- 
ond volume, which embracer Practical Astronomy. The Theory of In- 
struments is particularly elaborattt and exhaustive. Almost every 000* 
ceivable use of each for any important pur|M)se is carefully discnsnei 
The chief topics of the volume are telescopes, the general theory of in- 
struments for angles, instruments for time, the sextant, transit instrnmentf 
meridian circle, altitude and azimuth instrument, zenith telescope, eqoa- 
torial telo8co)>e, holiomtjter, and the filar and ring micrometers. Old 
instruments and old methods are wholly discarded. 

Not the least valuable part of the work is the Appendix of a hundred 
pages on the Method of Least Squares and Pierce's Criterion— examples 
of the application of which in the discussion of observations abonnd 
throughout the work. A few auxiliary tables — altogether too few— a» 
given at the close, nearly half of them belonging to the author's method 
of lunars. The steel plates illustrative of instruments, though on a smaO 
scale, are very clear, and perhaps sufficiently in detail for the purpoie 
they were intende<.l to serve. The mechanical execution of the work— 
type, paper, d:o. — are worthy of its scientific merits, and all that the moil 
fastidious could desire. 

The CompuUition of Orbits and Perturbations — topics, in part at leaiti 
belonging to practical astronomy, and naturally looked for in a work Uln 
Uiis— i^bviously could not have been included without too great condea- 
sation or too great bulk, and are doubtless reserved by the author foi 
another volunu\ which we trust the succe:«s of the present publicatioi 
will iuvluco him to prepare at an early day. 
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Air. XV. — On the Velocity of Light and the SwrCs Distance; by 
Pro£ Joseph LoyerinG) of Harvard College. 

Fouoault's recent experiment on the velocity of light, though 
of a leas popular character than his celebrated pendulum ezper- 
iment to prove the earth's rotation, will, nevertheless, attract 
even more attention among men of science. If its results are 
placed beyond doubt, they will affect astronomy to a degree not 
possible lor the pendulum experiment, unless it had come as 
early as the time of Galileo. I shall examine Foucault's investi- 
ntion on the velocity of light : 1, as it influences the science of 
Optics ; and 2, as it tells upon one at least of the vexed questions 
in astronomy. 

In the circle of the sciences, the centre may be placed any* 

▼here and the circumference will be everywhere : such is the 

amtoal dependence of each upon all the rest After the science 

cf optics has furnished astronomy with the telescope, the astron* 

omer discovers with it the satellites of Jupiter and the aberra* 

tkm of light^ and with the help of these phenomena assigns the 

value of the velocity of light, and thus repays to optics the debt 

ineorred by his own special science. Now, for the first time, 

the science of optics has relinquished the guardianship of astron* 

omy; ascertained by direct experiment one of its own funda- 

aeotal data ; and thereby, possibly, put astronomy under a new 

obligation, to be cancelled, doubtless, with interest, hereafter. 

Let us glance first at the two astronomical methods of meas- 
uing the velocity of light. While the senses of touch and taste 

Jous. Sci.— Second Sebies, Vol. XXXVI, No. 107.— Sept., 186a 
21 
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act only by contact, tbooe of hearing and seeing liring tbe mind 
into communication with distant objects. The air and tbe omni- 

E resent ether supply the delicate and ever ramifying threads 
y which telegraphic intercourse is maintained with the ear and 
the eye. When the origin of the sound or tbe light is at a lai^ge 
distance, compared with the velocity of the acooatic or luminous 
wave, allowance must be made for tbe time taken by the news 
of an audible or visible event to come to ua. Only the vasi 
spaces of astronomy are commensurable with the great velocity 
of light, and furnish a sufficiently large theatre for a direct 
experiment upon it But, in stellar astronomy, the xnagnifioenoB 
of the extent of view so fiotr transcends in magnitude even the 
velocity of light, that the luminous ray, vast as is its vdodtj, 
seems to loiter upon its lone way. 

Hence, in astronomy, a distinction exists between the aedcol 
interval of successive events and the apparent interval For 
example, the first satellite of Jupiter revolves around its primaij 
in about 42^ hours ; and, therefore, enters the shadow of Jupiter, 
and is eclipsed, once every 42^ hours. As it takes light mora 
than 40 minutes to pass over the average distance of Jupiter, 
the eclipse is not seen until so many minutes on the average 
afler it has happened. If this delay were constant, the inte^ 
val of successive eclipses would not be changed. But in die 
course of six months the distance of the earth from Jupiter itt- 
creases by the diameter of the earth's orbit, and in the next six 
months changes back again ; and when the earth is nearest to 
Jupiter, the news of an eclipse reaches us in about 82 minutely 
whereas, if the earth is at the greatest distance, 60 minutes aie 
required. 

Consequently, the intervals between successive eclipses, as 
they exist for our eyes, are variable, being sometimes lai^ and 
sometimes smaller than the real intervals. This irregularity is 
the apparent intervals of the eclipses of the same satellite, it 
first attributed to errors of observation, finally conducted Bomefi 
in 1675, to the discovery of the velocity of light Delambre^ 
after discussing 1000 of these eclipses, observed between 16(B 
and 1802, calculated the velocity of light to be such as to le* 

?uire 493*2 seconds to pass over the mean distance of the smL 
f this time divides 95,860,000 statute miles, which is the sunli 
distance as given by the transits of Venus in 1761 and 1768, 
according to p]ncke's computations, the' quotient, or 19S,S60 
statute miles, is the velocity of light in a second. 

The second process which astronomy has supplied for obtain* 
ing the velocity of light may be called the indirect method. It 
demands not a space but a velocity which is commensurable witk 
the velocity of light. If two such velocities are compounded 
together, according to the principle of the parallelogram of m^ 
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hnsj there is a resultant motion, the direction of which deviates, 
eosibly £rom that even of the largest motion which enters into 
be composition. In nature, the velocity of the earth is com- 
oanded, in this way, with the velocity of light, and imparts to 
he light an apparent path differing by a small angle from the 
roe path. The angular displacement which this causes between 
he apparent and real places of a star is called aberration, and 
ras tirst discovered by Bradley in 1726: this astronomer ex- 
tlainJne, on this simple principle, a&omalies in observation 
rhich had hitherto been considered accidental. As the dis- 
daoement of the star works opposite ways at opposite seasons 
Kf the year, half the difference between the extreme places is 
he distance from the apparent to the true place, or the constant 
if aberration. This, when known as an observed fact, estab- 
ishefl the ratio between the velocity of light and the velocity of 
he earth, and enables the astronomer to assign the value of 
he one with all the accuracy which pertains to his knowledge 
li the other. Accepting Struve's determination of the aberra- 
ioD, viz : 20'''46, the velocity of light is calculated to be 10,088 
liines as great as the velocity of the earth. The mean velocity 
}f the earth is known with all the certainty which belongs to our 
biowledge of the magnitude of the earth^s orbit : that is, of the 
rail's distance. Assuming, as before, that the distance derived 
bom Encke's parallax is the most reliable, the velocity of the 
euth in one second of solar time is 18'977 miles. This multi' 
plied by the aforesaid ratio gives 191,51S miles for the velocity 
ot tight by Bradley's principle. It appears therefore that the 
relocities oy the two methoos of astronomy (the direct and the 
mdirect) differ by 1837 miles; a small quantity comparatively, 
being only one per cent of the whole velocity. Whatever other 
faloe is adoptra for the sun's distance will alter these two re- 
nits proportionally, without disturbing the ratio between them. 
[ may aad that the velocity which aberration ascribes to light 
bek>ngg to it at the earth's surface; that is, in the dense atmos^ 
phere : whereas, the velocity discovered from the eclipses is that 
irhich extends through the planetary spaces. This oistinction, 
however, will do little towards bringing the two results into 
greater accordance. The velocities of light in different media 
ue proportional to the indices of refraction inversely : which 
in the case presented are as 1 to 1*000294. This theoretical dif- 
farence of velocities is less than jf\^ of the whole^ or less than 
rO miles. 

Compare with these conclusions of astronomy two experi- 
nental results on the same subject. Although Wheatstone's 
experiment on the velocity of electricity, published in 1834, 
Dggested the possibility of measuring, in a similar way, other 
;teat velocities, I shall consider first a contrivance of Fizeau, 
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equally applicable to light and to electricity. If a wheel finely 
cut into teeth on its circumference is put in rapid rotation, a ray 
of light, which escapes between two consecutive teeth, will, after 
being reflected perpendicularly by a mirror, return to strike the 
wheel at a different point, and either be intercepted by a tooth 
or admitted at another interstice. Suppose the velocity of the 
wheel just sufficient to brin^ the adjacent tooth to the position 
whence the ray first started, m the time which the light oocupies 
in going to the mirror and returning. In this time the wheel 
has moved over an angle found by dividing 860° by twice the 
number of teeth which the wheel contains. Therefore the time 
taken by light, in going over a line equal to twice the distance 
of the mirror, is that portion of a second found by dividing 
unity by the product of the number of turns the wheel makee 
in a second, multiplied by double the number of teeth on the 
wheel ; the velocity of the wheel being first made the smallest 
which will cause it to intercept the light. Such an experiment 
was made in 1849 by Fizeau, the wheel being placed in a tower 
at Suresne, near Paris, and the mirror upon a hill (Montmartie) 
at the distance of 8633 metres. As the wheel contained 720 
teeth, and the slowest velocity which produced obscuration wti 
12*6 turns a second, it appeared that light required ttItt ^^^ 
second to go 8633 metres and return. Hence its velocity was 
818,274,304 metres or. 194,667 miles a second. The French 
Academy thought so favorably of this attempt that they refis^ 
red the subject to a scientific commission consisting of BioL 
Arago, Pouillet and Begnault, with authority to procure a grand 
machine for repeating the experiment 

When Arago advocated the claims of Wheatstone to the va- 
cant place of Corresponding Member of the French Academj 
in the section of Physias, it was objected that Wheatstone had 
only made a single experiment without having discovered a 
principle. Araeo engaged to prove that the candidate had in- 
troduced a fertile method of experimentation which would be 
felt in other sciences as well as electricity. For example : the 
corpuscular theory of light requires that the velocities of light 
in aifferent media should vary directly as the indices of T^bsor 
tion, whereas the undulatory theory inverts this ratio. Arago 
prepared for the trial by experiments on rapid rotation, the me- 
chanical difficulties to be overcome, and the.comparative advan^ 
tage of slower rotations assisted by several reflexions, in place 
of a single mirror turning with its maximum speed. Aided by 
the refined skill of Breguet, he realized velocities in the mirror 
of 1000 turns a second, and of the axis, detached from the mi^ 
ror, of even 8000 turns. In the meanwhile his eyesight began 
to fail him, and younger physicists entered into tne fruit of nis 
labors. After Foucault and Fizeau, by separate efforts, had de- 
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dded the question, in relation to the velocities of light in air 
and in water, in favor of the undulatory theory, and thus con* 
finned a conclusion which Arago reached by dtffiraction in 1888, 
and after Fizeau had studied the variation of the velocity of 
light in running water, according as the motions agree or differ 
in direction, Foucault was emboldened to attempt a measure of 
the absolute velocity of light, by an experiment which could be 
brought within the compass of a single room. I translate his 
own account of the arrangements made for this purpose. 

*' A pencil of solar light, reflected into a horizontal direction bj a he- 
liostat, falls upon the micrometnc mark, which consists of a series of ver- 
tical lines distant from one another one-tenth of a millimetre. This 
mark, which in the experiment is the real standard of measure, has been 
divided very carefully hy Froment The rays, which have traversed thw 
ioitial surface, fall upon a plane rotating mirror at the distance of a 
metre, where they suffer the first reflexion, which sends them to a concave 
mirror at the distance of four metres. Between these two mirrors, and 
at near as poesihle to the plane mirror, is placed an object-glass, having 
k one of its conjugate foci the virtual image of the mark, and in the 
other the surface of the concave mirror. These conditions being ful- 
filled, the pencil of light, after traversing the lens, forms an image of the 
mark on the surface of this concave mirror. 

** Thence the pencil is reflected a second time, in a direction just ob< 
liqoe enough to avoid the rotating mirror, an image of which it forms 
in the air at a certain distance. At this place a second concave mirror 
it placed, facing so that the pencil, once more reflected, returns to the 
neighborhood of the first concave mirror, forming a second image of the 
mark. This is taken up by a third concave mirror, and so on to the 
formation of a last image of the mark on the surface of the last concave 
mirror of an odd number. I have been able to use five mirrors, which 
fbraish a line twenty metres long for the ray to travel. 

" The last of these mirrors, separated from the preceding one, which 
bees it, by a distance of four metres (equal to its radius of curvature), 
returns the pencil back on itself: a condition surely fulfilled when the 
letoming image and the original image on the last mirror but one coa- 
leace. Then we are sure that the pencil retraces its steps, returns in full 
to the plane mirror, and all the rays go back through the mark, point 
for point, as they went forth. 

** This return of the pencil may be proved on an accessible image by 
reflecting the pencil to one side by a surface of glass at an angle of 46*, 
and examining it through a microscope of small power. The latter, re- 
sembling in all respects the micrometric microscopes in use for astronom* 
ical observations, forms, with the mark and the inclined glass, one solid 
piece of apparatus. 

" The real image sent into the microscope, and formed by the returning 
rays partially reflected, occupies a definite position in relation to the 
glass and the mark itself. This position is precisely that of the virtual 
image of the mark seen by reflexion in the glass. At least, this is true 
when the plane rotating mirror is at rest. But when tliis mirror turns. 
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the image chaDges its place : for, while the light ia going and retoniiiig 
between the mirrors, the plane mirror has shifted ita position, and tin 
returning rays do not strike at the same angle of inddenee as when thej 
left it Hence the image is displaced in the direction of the rotation, 
and this displacement increases with the velocity of rotation: it ahoii- 
creases with the length of the route passed over by the rays, and with 
the distaace of the mark from the plane mirror. 

** If we call V the velocity of light, n the number of times the mirror 
turns In a second, / the distance between the plane mirror and the lait 
concave mirror, r the distance of the mark from the taming mirror, and 

d the ^observed displacemenjb, we have V = — -^ — : an exprewon whid 

ogives the velocity of light when the other quantities are separately msM- 
ured. The distances / and r are measured directly by a rule. The defl- 
ation 18 observed micrometrlcally : it remains to show how the nnmber 
of turns (n) of the mirror is found. 

^ Let us describe first how a constant velocity is imparted to the ^n^ 
ror. This mirror, of silvered glass, and fourteen millimetrea in diameter, 
is mMinted directly upon the axis of a small air-turbine, of a well knowi 
model, admirably constructed by Froment The air is aopplied by a higk 
pressure bellows of Cavaill6-Colle, justly distinguished for the mannfM- 
ture of great organs. As it is important that the pressure should bi 
very constant, the air, after leaving the bellows, traverses a regulator, i^ 
cently contrived by Cavaill^, in which the pressure does not vary by one- 
fifth of a millimetre in a column of water of thirty centimetres. The 
fluid flowing through the orifices of the turbine represents a motifs 
power of remarkable constancy. On the other hand, the mirror, when 
accelerated, soon encounters in the surrounding air a resistance which 
for a given velocity is also perfectly constant. The moving body placed 
between these two forces, which tend to equilibrium, cannot fail to rt* 
ceive and to preserve a uniform velocity. Any check whatever, acting 
upon the flow of the water, allows this velocity to be regulated within 
very extensive limits.*^ 

** It remains, to estimate the number of turns, or rather to impress on 
the moving body a determined velocity. This problem has been eom* 
pletely resolved in the following manner. Between the microscope snd 
the reflecting glass, a circular disc is placed, the edge of which, cut in fine 
teeth, encroaches upon the mark and partly intercepts it The disc tarm 
uniformly on itself, so that, if the image shines steadily, the teeth nt its 
circumference escape detection from the rapidity of the motion. Bnt 
the image is not permanent : it results from a series of discontinuous tp- 
pearances equal in number to the revolutions of the mirror ; and, when- 
ever the teeth of the screen succeed one another with the same freqnenej, 
diere is produced on the eye an illusion easily explained, which makei 
the teeth appear immovable. Suppose then that the disc, with n teeth 
ia its circumference, turns once in a second, and that the turbine starts 
up. If, by regulating^ the flow of air, the teeth are made to appear fixed, 
we are certain that tne mirror makes n turns in a second. 

** Froment, who made the turbine, wished to invent and construct a 
ehrosometrtc wheelwork to move the disc It is a remarkable piece of 
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lock-work, whioh retolvety in an elegant manner, the proUem of ttniform 
notion in the particular case in which there is no work to be done. The 
ncoeas is so complete that it is my dailj experience to launch the mirror 
rith 400 turns a second, and see the two pieces of apparatus march wilhin 
Pir^inr D^&rly of accordance during whole minutes. 

^ Notwithstanding the assurance I had gained in the measurement of 
ame, I was surpris^ at proving in my results, discordances which were 
rat of proportion to the precision of my means of measuring. After lone 
leaearcn, I discovered the source of error in the micrometer, which did 
lot allow of the degree of accuracy willingly attribtrted to it. To meet 
kis diflSculty, I have introduced into the system of observation a modifi- 
salioD which amounts simply to a change of the variable. Instead of 
neasaring micrometrically the deviation, I adopt for it a definite value \m 
idvance, suppose seven-tenths of a millimetre, or seven entire parts of 
ke ioiage ; and I seek by experiment to find the distance between the 
nark and the turning mirror necessary to produce this deviation : the 
neasnrea extending over a length of about a metre, the last fractions 
iiaTe a magnitude directly visible, and leave no room for error. 

** By this means the apparatus has been purged of the principal causa 
3f ancertainty : henceforth the results accorded, within the limits of errors 
yt observaUon, and the means are settled in such a way that I am able 
to assign confidently the new number which appears to me to express 
nearly the velocity of light in space, viz : 298,000 kilometres in a second 
sf mean time." 

This value, reduced to statute miles, shows that the velocity 
oi light is 185^177 miles in a second ; which is less by 6886 
miles than the velocity for light usually admitted into science, 
riz: the velocity obtained from the aberration of light. This 
liscrepancy between the results of experiment and that of the 
astronomical determination, which comes nearest to it, is three 
times CTeater than the variation between the velocity deduced 
from aberration and that derived from eclipses. 

Foucault states that the extreme difference of the results of 
various trials amounted to only ji^ of the whole quantity, and 
that the mean result can be trusted to the fraction of jj^. 
MOTeover, the aberration of 20"'45, adopted by astronomers, 
cannot be supposed at fault by more than jjVr ^^ ^^^ whole. 
N^either the velocity by Foucault*s experiment nor the value of 
aberration can be charged with a possible error of three per 
cent, or of any error approaching to this large discrepancv. 
How is the new velocity of light to be reconciled with the old 
ndae of aberration? I have said that aberration establishes 
Dnly the ratio between the velocity of light and the velocity of 
the earth. If this ratio cannot be tampered with, and if one 
term of it (the velocity of light) must be diminished by three 
per cent^ to suit Foucault's experiment, then we must at the 
Mune time diminish the other term (the velocity of the earth) 
proportionally; and the old ratio will be preserved, and the 
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yalae of aberration will be left unchanged. Is it possible, there- 
fore, that there can be an uncertainty to the extent of three per 
cent in the velocity of the earth ? If so, the tables are turned : 
and, instead of employing the ratio which aberration supplies to 
calculate the velocity of light from the velocity of the earth, as 
the best known of the two, we henceforth must calculate the ve- 
locity of the earth from the velocity of light For, Foucault 
has found the latter by experiment more accurately than as- 
tronomy gives the former. If there is an error of three per 
cent in the velocity of the earth, it is an error in space and not 
in time. To diminish the velocity of the earth sufficiently by 
a change of time would demand an increase in the length of the 
year amounting to eleven days nearly. 

The only other way of reaching the velocity of the earth is 
by diminishing the circumference of the earth's orbit, and this; 
if*^ diminished, changes proportionally the mean radius of the 
orbit; that is, the sun's mean distance. The question, there- 
fore, resolves itself into this. Can the distance of the sun firom 
the earth be considered uncertain to the extent of three per 
cent of the whole distance? 

The answer to this question will lead me into a brief discussion 
of the processes by wnich the sun's distance from the earth has 
been determined, and the limits of accuracy which belong to the 
received value. To see the distance of any body is an act of 
binocular vision. When the body is near, the two eyes of the 
same individual converge upon it. The interval between the 
eyes is the little base-line, and the angle which the optic axes of 
the two eyes, when directed to the body, make with each other 
is the parallax ; and by this simple triangulation, in which an 
instinctive geometrical sense supersedes the use of sines and loea- 
rithms, the distance of an object is roughly calculated. As tns 
distance of the object increases, the base-line must be enlarged; 
but the geometrical method is the same, even when the obgect is 
a star and the base of the triangle the diameter of the earth's 
orbit. Substitute then for the two eyes of the same observer 
the two telescopes of diflferent astronomers, planted at the oppo- 
site extremities of the earth's diameter, and any one will under- 
stand the principle upon which the binocular eye of science 
takes its stereoscopic view of the universe, and plunges into the 
depths of space. In this way it is that the distance of the sun 
from the earth is associated with the solar parallax : which is 
the angle between the directions in which two astronomers point 
their telescopes when they are looking at the sun at the same 
moment. To know the sun's distance, the astronomer studies 
the solar parallax. As Kepler's third law establishes a relation 
between tne distances of the different planets from the sun, and 
their periods of revolution, if the astronomer finds either dis- 
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Etnce by observation, the others can be compaied fix>m this law. 
Sjr the solar parallax is only about eight seconds, and an error 
f one-tenth of a second includes an error of more than a million 
»f miles in the sun's distance, he takes advantage of the law of 
Kepler, and selects a planet which comes occasionally nearer to 
he earth than the sun. The choice lies between Yenus at infe* 
ior conjunction and Mars at opposition. The parallax of Mars 
oay vary from 20"'7 to 19"1, according to the positions of Mars 
.nd the earth with respect to the perihelion oi the orbit at the 
ime of opposition. The parallax of Venus at conjunction may 
^ary, for the same reasons, from 83"*9 to 29"'9. Venus, there- 
bre, may be nearer to the earth than Mars, and the parallax 
aore favorable. But Venus cannot be seen at conjunction ex- 
ept when its latitude is so small that a transit across the sun's 
lisc occurs. Then the two observers refer its place not to a star 
mt to the sun, and the quantity they determine is the diflFerence 
jf parallax between Venus and the sun ; which will vary from 
kbout 21" to 25". Moreover, the difference of parallax is meas- 
ired, not directly, but through the influence it produces on the 
loration of the transit at the two stations : and, therefore, upon 
i gre atly enlarged scale. 

W'hat are the results which have been obtained : 1st, by ob- 
lervations of the transits of Venus, and 2d, by observations on 
ifars at opposition ? 

1. Only two transits of Venus have occurred since the time 
f hen the sagacious Dr. Halley invoked the attention of posterity 
o these rare astronomical events as pregnant with the grandest 
"esults to science; viz: those of 1761 and 1769. The astrono- 
ners of the last century did not neglect the charge which Halley 
unsigned to them. The transit of 1769 was eminently favora- 
)le, oflFering a chance which comes onlv once in a millenium, as 
?rofessor Winthrop happily explained in his lectures on the 
ast transits. 

Whatever verdict posterity shall pronounce on the deductions 
rom the observations then made, they will never, says Encke, 
•eproach astronomers or governments with negligence or want 
)f appreciation towards this golden opportunity. The solar 
)arallax which Encke deduced from an elaborate discussion of 
ill the observations, fifty years after they were made, is 8"'57116. 
Phis corresponds to a solar distance of 95,360,000 statute miles. 

Although transits of Venus will take place in 1874 and 1882, 
ind astronomers already begin to talk of preparing for them, I 
lave the authority of Eucke for declaring that, in comparison 
with that of 1769, the next two transits will be so unfavorable 
hat nothing short of perfection in the construction of instru- 
nents, and in the art of observing, can compensate for the natu- 
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ral disadvantage : so that the reduction of the possible error in 
the sun's parallax within the limit of one one-hundredth of » 
second is hopeless for at least two centuries more. 

2. The solar parallax may also be derived from the parallax 
of Mars, when tnis planet is in opposition. In 1740 the French 
astronomer, Lacaille, was sent to the Cape of Qtood Hope, and 
from the parallactic angle observed between the direction of 
Mars as seen from that station and from the observatory of 
Paris (deduced from observations of declination), the horizontal 
parallax of Mars was computed, and consequently that of the 
sun. The solar parallax thus found was 10"'20, with a possible 
error not cxceeaing 0"*25. Henderson, hj comparing nis own 
observations of the declination of Mars at its opposition in 1882 
with corresponding observations at Greenwich, Cambridge, and 
Altona, computed the solar parallax at 9"'028. 

The United States Naval Astronomical expedition to Chili, 
under the charge of Lieut. J. M. Gilliss, during the years 1849- 
1852, had for its object the advancement of our knowledge of 
the solar parallax, partly by observations of Mars at opposition, 
and partly by observations of Venus during the retrograde po^ 
tion of her orbit, and especially at the stationary points, in con- 
formity with a method suggested by Dr. Gerling; the whole to 
be compared with simultaneous observations at northern ob- 
servatories. Although tlie observations at Chili were made on 
217 nighti^, covering a period of nearly three years, the coope- 
ration of northern astronomers was so insufficient that only 28 
corresiK)nding observations were made. On this account the 
second conjunetion of Venus was useless: the other conjunc- 
tion of Venus and the second opposition of Mars were of little 
value ; and even the tirst opposition of Mars led to no signifi- 
cant result. Dr. B. A. Gould has computed the solar parallax 
from the first opposition of Mars, observed at Chili, at 8"'50. 

8. The sv^lar parallax can also be computed from the law of 
univei>^al orravitation. The principle may be thus stated. The 
motion of the moon round the earth is disturbed by the unequal 
attraetion of the sun on the two bodies. The magnitude of the 
disturbanee will l>e in some prof>ortion to the distance of the 
disturber when compared with the relative distance of the two 
disturbed bodies: and this ratio of distances is the inverse ratio 
of the }>arallaxes of the sun and moon. By selecting one of 
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bouor observativ>ns at S 02. Laplace gives it at 8"'61. Fon- 
tenelU' had s:iid ihat Newton, without getting out of his arm- 
eiKur tomul ;:;o figure of the earth more aeeurately than others 
i\M ilouo bv going to the ends of the earth. Laplace makes a 
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* reflexion on this new triumph of theory. " It is won- 
that an astronomer, without going out of his observatorji 

be able to determine exactly the size and figure of the 
and its distance from the sun and moon, simply by com* 

his observations with analysis, the knowledge of which 
ly demanded long and laborious voyages into both hemi* 
9." The accordance of the results obtained by the two 
Is is one of the most striking proofi of universal gravita- 
Pontecoulant makes the solar parallax by this method 

Lubboch, by combining Airy's empirical determination 
coefficient with the mass of the moon as he finds it from 
es (viz: j\), makes the solar parallax 8"*84. Ktlie mass 
s substituted, the parallax is changed to 8"*81. Finally, 
1, in his new Tables of the Moon, adopts 8''*8762 as the 
)f the solar parallax. Moreover, Leverrier, in his Theory 
apparent motion of the Sun, deduces a solar parallax of 
rom the phenomena 6f precession and nutation. 

conclusions of this whole review are summed up in the 
ng table : in which the values of the solar parallax and 
sun's distance, by the three methods of astronomy, and 
experiment of Foucault^ are placed in juxtaposition : also 
ferent velocities of light found by astronomical observa- 
ad by experiment 
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tracted popular attention to an old difficulty, and possibly given 
a solution to it. The three astrononnical methods present solar 
distances, which, even if we select the most trustworthy decision 
of each, differ by three or four millions of miles; that is,bj 
three or four per cent of the whole quantity. Though the best 
products of the first and third methods were at one time within 
a million of miles of each other, an increase of lunar observar 
tions^ and especially improvements in the lunar tables, ha?e 
now carried that difference up to four millions of miles. If 
Foucault's experiment were allowed to give the casting vote, it 
would decide in favor of the third method ; thus msJking the 
reflexion of Laplace^ which X have already quoted, still more 
memorAble. 

In regard to the common! v received distance of the sun, which 
is based upon Encke^s profound discussion of all the observa- 
tions made at the last two transits of Venus, the case standi 
thus. Encke decides, from the weights of the observations, di» 
cussed in the light of the mathematical principle of least squareSf 
that the probable error of the sun's distance, as given by the 
transits, aocs not exceed ^^^ of the whole quantity. Astrono 
mers have also reason to believe that the adopted value of abe^ 
ration is correct within yy^T ^f ^^® whole quantitv. Moreover, 
Foucault is confident of his determination of the velocity of 
light within ^It o^ the whole quantity; nay, he expects toirn* 
prove his instruments so as to banish all errors larger than Yj'ir 
of the whole quantity. Neither the velocity of light, aberration, 
nor the sun's distance can be suspected of an error to the extent 
of three or four per cent; and yet one at least must be wrong 
to this degree, as the best values of the three elements ajr^ inec^ 
oncilable with each other. Which shall be changed? 

It may excite surprise in those who have heard of the acctf* 
racy of astronomy, without weighing the exact significance of 
the word as applied to so large a subject, that there should still 
bo a lingering uncertainty, to the extent of three or four millions 
of miles, in the sun's distance from the earth. But the error, 
"^^'hatovor it is, is propagated from the solar system into the 
deoiH\^t sj>aces which the telescope has ever traversed. The 
sun 8 distance is the measuring rod with which the astronomer 
motes out the distances of the fixed stars and the dimensions of 
HU^Uar orbits. An error of three per cent in the sun's distance 
ontails an error of three per cent in all these other distances anj 
dimensions. Trifling as three per cent may seem, the correctiou 
runs up to 800,000 millions of miles in the distance <^the Dea^ 
ost tlxod star! 
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i.RT. XVT. — Further Bemarks on a method of Seducing Observa^ 
ttons of Temperature ; by Professor J. D. Everett, of Kings 
College, Windsor, Nova Scotia. 

Ik an article in the January number of tbis Journal, I recom- 
Qcnded for general use a method of comparing climates, as 
egards temperature, by reference to the curve whose equa^ 
ion is 

Professor Loomis, in his " Remarks " appended to my article, 
laving impugned the accuracy of this mode of procedure, on 
be ground that the curve of temperature at a place does not 
K)88ess the symmetry which characterizes the curve expressed 
\j the above equation, I propose, in the present paper, to furnish 
k thorough investigation of the degree of accuracy which is 
attained. 

We must first prove the following proposition : Any m num- 
bers, (m being either 2n or 2n+l,) can oe exactly expressed by 
an equation of the form 

3f=iAQ+Ai 8in (ar+EJ+A^ sin (2ar+E2)-|- .... +A. sin (fi«-}-£^)p 

in such a sense that, by giving x the successive values, 

1 2 m— 1 

0, -X360% - X360*> X360', 

mm m 

the resulting values of y will be the given numbers in order. 

We shall hereafter denote the terms on the second side of the 

•bove equation, by the symbols t^^ <,, <,, &c. To prove the 

proposition, let the series be transformeid, (see p. 25 of my former 

article,) into 

fsA^-l-P, cot x-f Q 1 sin J^4•P3 <»« Sjj+Qj bid 2z -f • • • • +Pn co« *»«+Qi» «n imk. 

We can then form m equations, by writing the given numbers 
in order for y, and giving x the corresponding values above 
indicated. If m=2n+l, we shall have 2n+l equations, to de- 
termine the 2n+l constants A^, P,, Q,, &c. If m=2n, the last 
term, Q. sin ylt, is to be omitted ; and we shall have 2n equations 
to determine 2n constants. Hence, by the theory of equations, 
ihere will always be one and only one solution. 
The rule for obtaining the solution is extremely simple : — 
To find the value of any one of the constants, multiply each 
e(][T]ation by its coefficient of that constant, and add the m equa* 
tions thus obtained.* It will be found that all the terms on the 

* It w worthy of remark that this rule is identical -with that laid dowD, in the 
fteory of probabilities, for determiniDg the most probable values of any number of 
ttknowD quantities from a greater number of simple equations, when the latter are 
•11 of eanal weight This general rule is thus given in *^Airy <m Errort of Obter- 
Mttotu, p. 80 : *' Multiply every equation by its coefficient of one unknown quan- 
tity, and take the sum for a new equation ; the same for the second unknown 
<Iontity ; and so on for every unknown quantity ; and thus a number of equations 
^ be found eqoal to the number of unknown quantities." 
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second side destroy one another, except those which contain fl» 

constant we are seeking, and the sum of these will be — timeB 

the constant, except when the constant is P« in the case when 
m=2n, for which the sum will be mP,. When there are 12 
given numbers, this process resolves itself into that described in 
mj former article,* {t/iis Journal^ [2], xxxv, 17), supplemented 
by the following formulse: 

12Pe=Ko+K,+K,-K,-K,-K. 

The monthly means at Greenwich, derived from the table in 
Professor Loomis' ^^Bemarka^" reckoning the Slst of Januaij 
and Ist of March as part of February, are 

86*6 88*6 41-4 46*2 52*9 69*0 61*8 61-0 56-5 49*9 48*2 M 

These are exactly expressed by the formula, 

y=948.87+l2'448iD(x+2620 8r)+-848iD(2x+67o 440+18 im (S«+8S8<^ 110 
+•25 iiii (4jr+268«> 2«')+-20»in (6*4-262® 29')4-lStin(6*+270«), 

where a; is 0° for January, 80** for February, 60** for March, 
and so on. 

Here t^ is the constant 48*87. 

The values of <,, for the 12 months in order, are 

--12-88 —11-49 -7-57 -1-62+4-76 +987 +12-88 +11«49 +U1 

+1-62 -.4-76 -9-87. 
The values of t^ are 
+•71 +-74 + 08 —-71 --74 -03 +-71 +74 +-08 --71 -74 -01 

These values, it will be observed, repeat themselves after the fink 
six ; and the sum of any consecutive six is 0. 
The values of <, are 

—•07 +-17 +-07 -17 — 07 +*17 +-07 - -17 --07 +-17 +-07 -'W 

which repeat themselves after the first four, or go through their 
cycle in a third of a year. Also the sum of any consecatiTe 
four is 0. 

The values of t^ are 

—•24 +-06 +-18 - -24 + 06 +-18 --24 +-06 +-18 —"24 +-06 +'18 

which go through their cycle 4 times in the year. Also the som 
of any consecutive three is 0. 
The values of t, are 

—•19 +-18 -•04 -•06 +^16 --19 +^19 — 18 +^04 + 06 --15 +W 

' The following errata in the formule there giyen require correctioo :— 
p. U, lines 9, 10, 11, for Ko+K, read Kg-K. 

« K,+K, « K^-K, 
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which do not so plainly show the recurrenoe of cycles, because 
5 is not a measore of 12. It is easy however to trace 5 maxima 
8nd 6 minima. 
The valnes of t^ are 

wis +-18 --IS +-13 --13 +-13 —-IS -I-13 -13 -f 13 -18 +-18 

which go through their cycle 6 times in the year. Also the sam 
of any consecutive two is 0. 

By addition, we find the values of t.+t.-^t^+t^+t^+t^+i^ 
to be 

M^82 88*61 41-41 46*20 62-90 69*00 61*80 60-99 66*49 49*90 48*22 89*80 

or, to one place of decimals, 

86^6 88*6 414 46*2 629 69*0 61*8 61^0 56*6 499 482 898 

which agree exactly with the monthly means. 

The error committed by stopping at any term, is, of course, 
qnal to the sum of the terms omitted. These sums are given 
m the following table ; the first line containing the sum of all 
tte terms after <,, the second line the sum of all after t^, and 

-1-06 -•78 +-26 +60 +68 +06 

- ^84 +-01 +29 —11 —11 +02 

- -17 +*08 4-12 —18 +06 4-09 
+ 07 +02 —06 +-06 +00 --09 

-18 + -18 —18 + 18 —18 +18 -18 +18 -18 

The terms ^„ <«, t^ produce no effect upon the mean tempera- 
tore of a half-year, for the sum of any Q consecutive values of 
these terms is ; hence, in deriving the mean temperature of a 
kalf-year from <,+<,, the error committed depends only on t^ 
ind t^. The sums of t^ and t^, for each month, are 

-•26-I--30 -f-*03 -*23 +-08 --02 + 26 - -30 -'03 +-23 — *08 -f-*02 

lod the means of every consecutive six of these, commencing 
with October — March, are 

4.-04-.-O4 --01 — *02 +-07 -*03 -*04 +*04 4-*01 +*02 --07 +-08 

which are the corrections required in determining the mean tem- 
perature of 6 consecutive calendar months from t^+^i- In fact, 
ihemeahs of t^+t^ for every 6 months, in the above order, are 

iU7 40-98 42-62 46-81 49*92 63-76 66*27 66*81 65*22 51*98 47*82 48*99 

while the means of the actual monthly temperatures are 

41tO 40-88 4260 45*78 4998 68-72 5623 5685 55*23 51*95 47*75 44*02 

showing the same corrections as above, allowing differences of 
1 in the last figure for neglected places of decimals. Hence we 
lee that the mean temperature of any 6 consecutive months at 
Greenwich can be calculated from t^ and t^ (or from their con- 
stants A, A, E,), subject to errors not exceeding -07 of a degree. 
It may be shown in general, by a theorem proved on p. 30 of 
my former article, that, if the expression for monthly means be 
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the expression for half-yearly means will be 

Y=t^^'eUt,^'2Set^+HZt^ ; 
that is, 

Y=Ao+'644A^8in(a;-fEJ--2d6A38iD(dx4-E3)-{-*l78A2siD(6J^EJ 

and since *236 A, and *178 A, are practically insignificant com- 
pared with *644 A,, the two last terms may be neglected. 
For Greenwich, we have 

•644 A , = 644 X 1 2-44=8-01, 
•236A3=-236X '18= "04, 
•173A4=178X -20= -03. 

Hence the sum of the two last terms in the expression for 7 
cannot exceed •04+-08='07, which is onljr j\j of^*644 A, ; and 
the greatest error produced by the omission of these terms in 
comparing two halves of the year cannot be more than about 
j{j of the difference between the greatest and least values ofY. 
It is to be observed that the hal^yearly means denoted by T 
are not limited to means of 6 calendar months, but may belong 
to any 182^ consecutive days. 

It thus appears that the values of A«, A,, E, are sufficient to 
determine, with competent accuracy, the mean temperature of 
any half-year, and hence to determine the ranse as measured by 
the difference between the warmest and coloest halves of the 
year, a system of measurement which I think is as fair as any 
that can be devised. 

The determination of the precise dates of maximum and rain* 
imura is always difficult, whatever method be pursued, owing 
to the slow rate at which temperature changes when near its 
maximum or minimum. Even the table of daily temperatures 
at Greenwich, though derived from an average of 43 years, leaves 
both these dates doubtful, as a glance will show, it is alwajfs 
much easier to determine the dates at which the temperature is 
equal to the mean of the year, (or at which the curve of tempc^ 
ature intersects the line of mean annual temperature,) becaoss 
at and near these dates the temperature changes with its greatest 
rapidity. This remark applies to half-yearly means, as well as 
to daily temperatures ; hence we can determine 'more precisely 
" the dates which divide the year into halves whose temperatures 
are each equal to the mean of the year," than the dates which 
are the centres respectively of the warmest and coldest halves of 
the year. For the former determination depends upon the dates 
at which the value of Y is equal to the mean annual tenapera- 
ture, while the latter depends upon the dates at which x is • 
maximum or minimum. And the above phrase in inverted 
commas may be advantageously substituted for '^ centres of warm 
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rid oold halves of the year " in the definitions of E , in my 
>rmer article. 

We will now proceed to test our determinations of range and 
ate by the Greenwich table. 

The ranee, as measured by the difference between the warm* 
Bt and coldest halves of the year, is by our theory equal to 
L, Xl-2879=12-44xl-2879=1605. This is in error by about 
)7, the warmest 182 days, April 22— Oct. 80, having a mean 
^mperature of 5700, and the coldest 183 days, Oct. 31 — April 
1, a mean temperature of 40'88, showing a aifference of 16*12. 

As regards date, the value of E, is 262'' 31' or 82'' 31', ac- 
Drding as we make A, positive or neo;ative. Subtracting 15** 
rom the latter, to reduce to the beginning of the year, we have 
>r remainder 67° 31', the complement of which is 22° 29', equiv- 
lent to 22 8 days; and half a year or 182*6 days, added to this, 
lives 205*3 days. The 22d and 205th days of the year are Jan- 
lary 22 and July 24 ; hence, by our theory, January 22*8 and 
uly 24'3 should divide the year into halves whose mean tem« 
leratures are equal to each other and to the mean annual tem- 
perature. 

From the Greenwich table we derive the following half yearly 
means: — 

Jan. 23 — Jdiv 28, both inclusive, 182 days, mean temp. 40*0 

23 '24 183 49*2 

22 22 182 48-8 

22 23 183 48-9 

the mean annual temperature being 48 9. Hence our determina- 
tion of date is only 1 day in error. 

The centres of the warmest and coldest halves, as already 
itoled, cannot be determined with so much precision. In the 
present case, the coldest 183 days are October 21 — April 21, the 
ttntre of which is January 20, whereas our theory makes it 
Jinoarv 22*8. 

We have a good approximation, in the present case, to the 
dates which are midway between those whose temperatures are 
tlie same as the mean of the year. The latter, (wnich we may 
call the Vernal and Autumnal intersections,) are April 29 and 
October 21 ; and the dates midway between these are January 
28*5 and July 25, which agree closely with January 228 and 
Jaly 24*3. I believe this agreement will be generally found to 
eiist^ because the term /, is changing its value with nearly 
maacimam rapidity at the dates of intersection, and thus over- 
powers the otner terms, especially as t^^ the most considerable of 
them, cannot hasten or retard one of the intersections to any 
eonaiderable extent, without producing an opposite and nearly 
equal effect upon the other. 

Ax. JouK. 8ol~Sbcond Sbbies, Vol. XXXVI, No. 107.— Sept., 1868. 
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The influence of the term ^,, in modifying the symmetrical 
curve y=t^+t^ for Greenwich, maybe thus described: — ^It re- 
tards uie vernal intersection, {ind the maximum ; hastens die 
autumnal intersection, and the minimum; intensifies the maxi- 
mum, and moderates the minimum. Hence the temperature 
rises higher above the mean than it falls below ; but die number 
of days below the mean is greater than the number above. 
These features of climate will probably be found to prevail gen- 
erally in extra-tropical latitudes ; and they constitute the most 
marked departures of the curve of temperature from symme- 
try, the terms after t^ being comparatively insignificant In so 
far as they are common to all places, they are unimportant in 
the comparison of climates, which was the object proposed in 
my former paper ; and, at all events, the first elements that claim 
attention are those in which the actual curve agrees with die 
symmetrical curve, that is to say, the elements of mean tempera- 
ture, range, and general earliness, as represented by the three 
constants A, A, and E,. 

Of course, three numbers cannot express every feature of the 
curve of temperature at a place, for it is in the nature of things 
impossible that three numbers should express more than three 
inaependent elements. If the constants A« A, and E, are oor 
rect as measures of the three leading elements, it is all that we 
can expect of them ; and if a closer approximation to the curve 
of temperature is desired, it can readily be obtained by com- 
puting the constants in one or more of the succeeding terms. 

The subjoined diagram will give a clearer impression of the 
relation between the symmetrical and the actual curve than 
language can convey. The 
continuous line is the sym- 
metrical curve for Green- 
wich; and the dotted line 
is a curve, drawn through 
points whose ordinates are 
the mean temperatures of the 
12 months, beginning and 
ending with April, these 
points being situated on the 
vertical lines in the diagram. 
The horizontal line represents the mean annual temperature. 
Of the areas intercepted between the two curves, those which lie 
above either of the curves are together equal to those which lie 
below the same. 
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4bt. XVlL— On the (hal Measures of Oipe Breton, N. B., wUh a 
Seciion ; by J. P. LESuir.' (Communicated by the author.) 

The following section was obtained in August, 1862, from the 
diffis between Lingan and Great Olace Baye, on the east coast 
)f Cape Breton, from sixteen to twenty miles east of Sydney. 
Part of it was made out by means of a rope and ladder let down 
Tom the upper edge of the ciifFs, where these overhung the aea, 
>r occupied intervals between the short sand and gravel beaches. 
&.t the upper limit, which is also the northwestern end of the 
lectioD, a square headland projects into the Gulf of St Law- 
«DC«, along the axis of a ^nclinal basin with sloping sides of 
1° or 6° dip. From this headland southeastward, the section wu 
lutde out by an examination of each layer as it emerged from 
he sea, past the mouth of Little Glace Bay (where the new 
larbor is constructing, under the skillful andenergetic direction 
>f Captain William P. Parrot, Civil Engineer, of Boston, Mass.) 
ind aa far as to tlw mouth of Great Glace Bay. 

• F>M. 

l(rft ihales with & hard belt at the bottom, 
TbeM rocks cap the sauare headland 

mgecting into tiie Gulf of St. Lan- 

■ence between the Burnt Head and Lit- 
is Olsce Bay. They are the bigbeat 

IJoal-meaiure roclu of this bnsiD, and 

perbapa the bighest Coal measures south 

if Sydney Bay. The cliffs are about 

Ibrty feet high, aod exhibit a remarkable 

sontour, caricaturing tbe human face in 

profile, by means of tbe overhanging 

icdge of hard eandrock at tbe bottom 

af the raa», and about half-way of tbe height of the cliff. See wood- 
sol (aj. 

Bed shale belt: redaudgreea 10; red 10; green 2; red 1^; green 
i ; red 1^ ; green 1^, 27 

Pire clay, tbe upper 6 feet crowded with small nodules of carbouaUi 
of iron ; middle 2 feet sandy ; lower 5 pure, - - - - 18 

Bed shale 2 feet, over 2 feet of fire-clay, under which runs the out- 
crop of a plate of carbonate of iron, from 4 to 8 iocbea thick, 
for buodrecls of yards along the face of the clifi^ ... 4 

Shales, with three black streaks, like the outcrops of coal beds, but 
mere discolorations of tbe shale: layers of small nodules of iron 
occur in the lower 10 feet ; the lowest 2 feet are fire-clay, - 22 

Sandstone cliffs 8 feet, over sandy shales 6 feet, - - - 14 

Coal ; good ; on fire-clay passing down into, ■ - - ■ i 

Sandstone 6 feet; genuine black slate 2 ; fire-clay 8, - - 16 
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Slate cliffs ; the top rock of the great coal bed ; varying in ooinpact- 
oess, but essential ly a homogeneous mass of finely levigated and 
foliated sjindy mud, ---...•>.40 

Coal ; the Hub Vein ; slate 1^, soft coal 1^, solid 4, hard 1,-8 

Of this, only six feet is good workable coal, on the coast; hot it Id- 
creases westward, and vrith the omission of eighteen inches poorer top 
coal, yields from six to seven feet of good body coal. It is on this bed 
that the pnncipal mines of the Glace Bay Company are situated, ship- 
ments, until lately, having been made from a long pier projecting into 
the sea, or in an open roadstead by lighters. Now, a railroad a mile 
1ong« on a sixty foot summit, lands the coal upon a long wharf occupy* 
ing the north side of an artificial harbor, constructed out of the shillow 
Little Glace Bav. The old drifl-works into the bed have been abandoBcd 
on account of the inflowing of the tide, and new works by a slope hsTi 
been commenced a quarter of a mile inland. — The floor of the bed ii 
not well seen, being covered by the ruins occasioned by the firing of the 
cliff coal, in the last century, by the French, after the fall of Louisbiir|i 
and the cession of AoaJia to the British government. The miners report 
the sandstone, next to be described, as lying immediately beneath theeotl 

Sandrock full of the moulds of plants, mostly stems, only occasion- 
ally blackenecl, 20 

This mass of building stone is a rare exhibition for these Coal-measarei. 
It forms the long point on which the pier is iHiilL Its thickness eoold 
not be exactly determined, because, like all the very sandy deposits of the 
section, it is false-bedded and variable. It is as true here as in the greet 
Coal-measures of the United States that the principal masses of sand- 
stone are reserved for the lowest parts of the formation. The great sand- 
rooks of Cape Breton underlie all the productive Coal-measures, and are 
teen around Svdnev. 

a ■ 

Cannel coal bed. Thi< is no true cannel but a coal shale, compactly 
foliated, highly bituminous burning well, but with much ash, and 
crowded with fish- scales and minute shells. It varies, and some- 
timos reads thus: cannel, 8 inches; bituminous coal, 8 inches; 
day, ]^ inch; bituminous coal, 3 inches, - - - - 1^ 
Fire-t'lwv, ..-,.. ^.-.6 

Cannel ci^al, as above, f 

Fire-i'lay, .-.-, i\ 

Sandstone cliff nvks 8 feet over sandy shales 1 1 feet, - - 25 
Cannel oi^al, v^r jot black slate; sometimes growing compact like 
oannol, but now bore seen as a true coal, but rather a black fire- 
cIhy. one inch tbiok, wiih a few inches of black slate above and 
bolow it ; plonlY of tish scales, but no ferns, - - - - J 
Fir\»-olnY ;J ; sandy clay 3, sbaly 3, pure clay 4, blackUh shales 8^, 
soft oIhv •. — vlay full of balls pacing an eight inch plate of iron 
or\\- -xS,Hndy s^bslos 6, soft 3|, dark S(^ri 1^, soft gray 8, - - 46 
Sandrttono shales *J, ^ray sh:iles o, blackish 1, gray 6, massive weath- 
erinvr tlnkv '2, sanjv fiakv 9, sandr cliff shales 11, blackish 10, 
sandy ditl* shsK^!( ,^, sandy shsles *20, clay descendmg into sand- 
stono tl. In this last occurs half an inch of coal, - • 92 



X p. Lesley an the Coal-measurei of Cape Breton. 181 

Top slate, 6 

Coal ; sometimea black slate with two iDches of coal, ' ' i 
Fire-daj, -- 5 

Shales : blackish soft 4, gray 2, with poor sandy ball ore ^, gray 4, 
aandatODe flinty 1, fire-clay, compact below, 6, sandy shales 6, yel- 
low 0, gray 0, soft sandy gray 12, soft shales (nipped out) 5, false- 
beddcMl sandj shales, hard at top, soft at bottom, 17, - - 69^ 

This great mass of sandstone, thrown up at a steep angle, not by any 
general structural movement, but by original oblique deposition, has here 
rmtted the wearing action of the waves, and left a curious and instruo- 
Uf« promontory. The mass begins at the bottom with 3 inches of pure 
«lajy under which is an inch of 

Onnoel coal which burns well and is full of fish scales. 

Shales, aolt yellow, concretionary, clay slates 7, harder 1, gray 2-)', 
with iron nodules along its base, gray 4, soft blackish band |^, 
aandy foliated 3, top clay 1, gray, blackish i foot, - - - 19^ 

Qannel coal, or flaming slate i, 1 

Hard shale }, coaly matter half an inch, hard sandy shales 3, com- 
psei fife-day 8, 11 

ThsM are the lowest rocks seen before reaching Little Glace Bay en- 
timnoe, in the low banks, which fall off suddenly into the deep channel 
of the bay. A slight break in the section takes place here ; it cannot 
bs more than a few feet. The section commences again at the summit 
of the headland projecting from the south side of the bay, and runs 
thsQOS uninterruptedly to the mouth of Great Glace Bay. 

Soft measures under the soil, 10 

Ooaly top slate 4 inches, bituminous coal 4 inches, . - . ^ 

Bsodrock variable 1, green clay with horses of sand -J-, fire-clay 2, 

more compact 2, more sandy, becoming sandstone, 2, compact 

sandrock with thin flag-courses 7, 14}* 

Shale fire clay 3, in pencils 4, sandy compact 3^, in pencils 6, sandy 

16, crumbling 4, 35^ 

The profile of this mass is one of singular architectural beauty. See 
woodcut (p. 179). (n). 

Sandrock 8, blackish shales and fire-clays 4, sandrock massive 10, 
sandy fire-clay 2, shaly sandstone with six inch courses 7-^, dark 
shales H^ flags 3, gray top shales I-}-, 43^ 

Bituminous slates with one inch of cannel in the midst, - - 1 

Shale fire^ay 1, sandy 1, sandstone 2, sandy 11, flre-clay 5; the 
whole forming cliffs beetling over the breakers (woodcut o), - 20^ 

Coal. Harbor «rein, 5 

Wrought by the inhabitants for many years in an entry from the 
beach. A new opening has been made on the outcrop where it crosses 
to the northwest side of the harbor below the new bridge. 

Shales foliated^ under which lies a plate of carbonate of iron three 
inches thick, sometimes breaking up into balls, - - - 8^ 

Coals, with a centre streak of jet, perhaps characteristic of the bed, 
for it appears again in it at the new bridge, - - - - |. 

Shales, red, green, yellow 7^, hard clay sandstone 2, clay shale 5, 14^^ 
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Coal. R^^lar bed of bituminous coal, S 

Sandy shales, foliated ; then compact ; then in half inch layers 26, 
sandstone then sandy shales 10« - - - - - - M 

Shales, gray, blackish outside, 5, shaly fire-day 10, - - - U 
Sandstone, greenish, 6, contorted 8; the local false-bedding has 
formed the point, and, like one or two other exposures along this 
coast, would throw a geologist completely off the track, leading 
him to suppose the country infested with high dips and faults; 
whereas, careful instrumentation has demonstrated an extraordi- 
narily quiet imd regular condition of things, .... 14 

Fire-clay 2, shales gray, green, harsh 4, gray, green 5, wit gnj 20, SI 
Sand rock in three equal layers, - - - - - - • 

Soft fire-clay : top slate with nodules of ore, .... 10 

Coal half an inch, black slate six inches, . - - - . f 
Fire-clay, passing further on into red, green and yellow shales ; then 
sandy 6, false-bedded shales 12, ferruginous fire-clay j2, hard 

blackish slates 8, *.-W 

Sandstone, green, rough, shaly, passing into dark'shales 12, beaoti- 
fully false-bedded, scalloped in all directions like the blocks and 
faces of No. X (Upper Devonian) at the viaduct of the Cone- 
maugh, in Cambria County, Pennsylvania ; — thin massive sand- 
stone 6 feet, ---18 

Shales, yellow sandstone at top, becoming yellow shales and then at 

bottom black, ...JfO 

Carbonate of lime and iron, a tight blue bed, - - ' - - C 

Sometimes 1^ feet thick, but will not average more than 10 or 11 
inches. It forms a Jong reef into the sea, in the exact line of the distant 
headland. As a solitary specimen of this kind of rock in this sectioii, 
it is all the more important to have it carefully traced inland. It reili 
on a green fire-clay full of nodules of ore, as large as filberts and wakint^ 
oxydized on the surface. 

Blackish top slate, under which is a- carbonaceous streak, - . S 
Shales (at the top sandstone balls a foot thick), yellow, then green 
and full of nodules of ore 11, soft fire-clay 1, yellow, then sandy, 
then clayey, then fire-clay 8, blackish fire-clay, then gray 10, - M 

Coal, S 

Fire-clay 2, with nodules of ore 2, blue shales 6, fire-clay full of nod- 
ules as large as chestnuts; the appearance of these fire-clays, 
crowded with nodules of iron ore, ii very striking; their gnarly, 
knobby outcrops form long reefs visible by lines of breakers far 
out to sea. — Clays of various shades 12^ blue black -J, red, yel- 
low and green, ---25( 

Sandstone, false-bedded, then in layers 1 2, becoming clayey 4, blue 
fire-clay 5, 21 

These are the last rocks seen at the north side of the mouth 
of Great Glace Bay. The whole thickness of rocks measured 
is as follows : — 

North of Little Glace Bay, 471 feet ) . ^ ^^^ 
South " '' " " 436 " f '^ ^^ ^°^- 
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Beneath these rocks lie formations of claj (inclading coal beds. 
one seven or eight feet in thickness), which form the west end 
of the long line of sea cliffs running out eastward from the 
Great Glace Bay bar. A measured section was made of these 
cliff-rocks also, which I propose to give at another time. It re- 
peats a certain portion of the section given above, with inter- 
esting variations. 

Our section of 907 feet of rock, commences at the headland in 
the centre of the synclinal and runs along the coast southward. 
Commencing at the same headland and running along the coast 
westward, a similar section may be obtained of the same rocks as 
they rise from the synclinal in that direction at the same low dip. 
Such a section would be from Cadougan's Creek, which corres- 
ponds to Little Glace Bay, to the mouth of Lingan Bay, which 
m like manner corresponds to Great Glace Bay. Many interes- 
ting variations in the metals would appear from such a compari- 
son. While the general regularity and parallelism is remark- 
able, there are numerous minor irregularities; some fine instances 
of false bedding and local deposition; lenticular masses of sand 
separating adjacent mud-rocks ; passages of shales into sand- 
stones, and vice versa; gradual coalescing of scattered nodules 
of clay iron-stone into solid plates, or their gradual pervading 
of a thick bed of fire-clay, hardening it into so refractory a rock, 
that its outcrop forms a reef far out to sea. Instances occur of 
of the splitting of coal-beds. The Lingan bed, for example, has, 
on the sea-shore, a clay parting of half an inch, which in a quar- 
ter of a mile inland, thickens to nine inches ; and then, in four 
hundred yards of gangway continued inland, thickens to nine 
feet, throwing the upper member of the bed entirely beyond the 
workings.* In this we have probably the explanation of the 
difference between the abandoned Bridgeport bed, on the south 
shore of Lingan Bay, and the Lingan bed on the north shore, 
separated by a wide and gentle anticlinal ; the Bridgeport bed 
beinjg but 7 feet thick, while the Lingan bed is 9. 

The described section embodies the productive Coal-measures 
of the east end of Cape Breton, with five workable beds of coal, 
one of which can hardly be called workable in this area, what- 
ever may be its character in others. In Mr. Brown's section of 
the North Sydney Coal-measures, there are enumerated, indeed, 
thirty-four coal-seams ; but only four are said to be of workable 
thickness: Cranberry Head, 3*8 feet ; interval (measuring down- 
wards) 280 feet; Lloyd's Cove, 5*0; interval 730 feet; Main 

* Tie Cook Vein, at Broad Top City in PeDosylvania, has a sandrock parting two 

feet thick, between two 2 foot beds of coal. At the present heading of the long 

drift, this rock, after first disappearing, leaying the bed of coal 6 feet thick, has in- 

'creased to ten feet of toogh rode, between two 6 inch beds of coal This increase 

of ten feet takes place withoat crush in a distance of only three or four yards. 
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Seam, 6-9; interval 450 feet; Indian Cove, 4-8. Mr. Brown's 
whole section extends to a deplh of 1860 feet, or along 5000 
yards at a dip of 7° to the N. eO'^ E. 

Mr. Brown *^ concludes from the best information in his pos- 
session that the productive Coal-measures exceed 10,000 feet," bnt 
I saw nothing in Cape Breton to justify the supposition. He 
grants that, *' owing to several extensive dislocations, it is im- 
possible to ascertion their total thickness with any degree of 
accuracy." I can only suggest, with deference to his long ex* 
perience and acknowledged skill, that the structure of the etst 
coast of Cape Breton has not been regarded from a right point 
of view, inasmuch as the coal-beds have been represented si 
members of one area, dipping broadside into the waters of the 
gulf; whereas, in fact, along that coast, they occur with alternate 
northeast and southeast dips, forming a series of basin-ends, the 
bodies of which lie side by side submerged beneath the golC 
The same four or five workable beds, inclosed in the same one 
or two thousand feet of productive measures, appear on shore at 
the west end of each of these basins. As the dip is commonlj 
gentle, viz: from 4° to 8°, the basins sometimes coalesce; bat in 
one instance at least, that of Cow Bay, the south dips are 45". 
and the basin is sharp and narrow, greatly resembling the ena 
of one of the anthracite basins of Pennsylvania. As at Sydney, 
and again at Glace Bay, so here at Cow Bay there are but foor 
workable coal beds in about 1500 feet of productive measures^ 
and they are, no doubt, the Glace Bay beds.* 

Sir \Villiara Logan, Sir Charles Lyell, Prof. Dawson, and other 
geologists who have described the Coal-measures of Nova Scotia 
and New Brunswick, a^ree in assigning to them an almost in- 
credible thickness. "Tne entire section of the Joggins," writes 
Sir William Logan, "contains 76 beds of coal and 90 distinct 
Stigmaria underclays," with "24 bituminous limestones," in "a 
vertical thickness of 14,570 feet" 

When we analyze the eight divisions into which this immense 
mass has been distinguished, we find them thus constituted: 

Nos. 1, 2. Sandstones and shales; drift-trees and erect eala- 

mites, 2267 feet 

No. d. Sandstones; coal shales; underclays; 22 coal-beds, 2184 ** 

No. 4. Sandstones and shales, gray; bituminous limestones; 

45 coal-beds ; shells and fish-scales, ... 2539 ^ 

No. 5. Sandstones and shales, red ; carbonized plants, - 2082 ** 

' The combined thickness of the Lower, Middle, and Upper Coal-measorea, il 
determined by Mr. Jukes, m South Staffordshire, England, is 1810 feet The tU^ 
ness of the productive Coal-measures of Leicestershire does not exceed 8600 foflt 
In most parts of the deep anthracite basins, 2000 feet would be a fiur areraca. b 
Western Virginia and PennsyWania, and in the deepest parta of tho Mkui^ 
Valley areas, 1600 feet 
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^andstoneft, f ; shales ; bituminous limeftone; 9 coal* 

U ; shells and fish-scales, 2240 feet 

8. Sandstones, conglomerates, shales, nodular lime- 

Dcs, two beds of gypsum ; remains of plants, - 2308 " 

, - - 800 *• 

limestone with Prod, Lyelli and other Lower Car- 
liferous fossils. 



3ry evident that the Sydney, Glace Bay, or Cow Bay 
* less than 2000 feet of productive Coal-measures, can 

but barely one of these divisions, and that it must be 
). 3, or No. 4, or No. 6. Sir William Logan adds, in 
1^, that '^Nos, 3, 4, 5, and 6,* contain the equivalents of 
ctive Coal-measures of Pictou and Sydney, and, in part, 
idstones which separate them from the Lower Carbonif- 
es." Pro£ Dawson describes minutely his own section 

feet of the central part of the Coal Formation," * in 
ing which, after describing the lower parts,' he says s 
e now, after passing over beds amounting altogether to 
lous thickness of 7636 feet, reached the commencement 
e Coal-measures." ^ By the true (hahmiosuree he meansi 

Division No. 4 and the lower part of Division No. 8, 
g less than 3000 feet of measures and containing bui 
beds which can be called workable, the rest bein^ from 
tx> eighteen inches thick. In descending order we nave : 

small seams in a thickness of measures of - - 630 feet. 
\\ seam, 3*0; 'parting, 1*6 ; coal, 1*6, - - 0« 

minute seams in an interval of - - - 75 feet. 
; clay, '5 ; Queen's vein, 1*9 ; shale, 4*4; coal, 1*0, 8. 

mall reams (largest 1*2) in an interval of « - 762 feet 

th three claj partings, 2f. 

small seams in an interval of •> •* • - 206 feet. 

6. 

I small seams in an interval of - * -' - 17 feet. 

4. 

^al of 32 feet 

1 bituminous shale, 6. 

1 small seams in an interval of - - •* - 1163 feet 

>ect of this section resembles those on the east coast of 
ton, where Modiolae and fish-scales are also abundant 
bert or Pictou section is said also to contain but five or 
\ of coal, two of which are of unusual thickness, as 
From the surface, down the Success Pit, 73 feet; Main 
LI feet thick; Interval, 157 feet; Deep seam, 24*9. 
e coal-beds, however, are far from presenting solid faces 

• Acadia, p. 178. • p. 177. • p. 127. 

9d in Proc. OeoL Soc, x, 1-42. 

ScL— Sbcojtd Series, Vol. XXXVI, No. I(f7.-43XFT., 1868. 
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of coal. On the contrary, they are built up, like the SO and 
foot coal-beds of the Anthracite region of Pennsylvania, rf 
many layers separated by underminings. The peculiarity here 
is that these separations are plates of ironstone, not more tlum 
six inches thick, instead of being layers of fire-clay, coal-slate, 
or sandstone. The structure is certainly peculiar, and convinces 
us of the quietness of deposit and of the long-continued stability 
of the sea-level. 

But inasmuch as the 60 foot coal at Mauch Chunk, on the 
Lehigh, is identifiable with the Low Main or Mammoth bed of 
the Pottsville Basin to the west, and of the Beaver Meadow, 
Hazleton, Buck Mountain, and Wyoming Basins to the north of 
it, and through them with still smaller and separated beds fa^ 
ther off in the Mahanoy and Shamokin Basins, and even with 
the bituminous basins of the Alleghany Mountains, — there can 
not be, a priori, a reasonable ground for doubt, that the 25 and 
40 foot beds of Pictou are iaentifiable with 6 and 6 foot beds 
of New Brunswick on the one side, and with the 8 and 9&ot 
beds of Sydney on the other.* The paleontological unity of the 
Low Main coal of the Pittsburg region with the Low Main coal 
of Eastern Pennsylvania is no longer a matter of discussion. 
The structural evidence also is coincident and precise. Yet^ 
wider intervals of Devonian and Silurian denudation are to be 
bridged by the theoretical connection there, than ore called &r 
between the coal areas of the British Provinces. The general 
bordering of the sea-coast with coal-beds, and the long and pa^ 
allel stretches of Carboniferous rocks through the interior, are 
all cogent arguments for the continuity of the original ooal 
areas, and therefore for the contemporaneity of the remainiog 
portions of the coal-beds. As the same coal-beds which now 
cap the highest mountains of the Alleghanies in Northern Penn- 
sylvania, and have been swept away over wide intervals of 
Devonian valleys between them, descend also into the depths 
beneath the beds of the lowest valleys drained by the Swatar% 
the Schuylkill, the Lehigh, and the Susquehanna North Branch, 
so I have no doubt the coal-beds, whose edges we now see only 

' To illustrate in a still more striking^ manner this separation of a large bed into 
several smaller ones, one has only to examine Mr. Jukes's description of the Thick 
coal of Dudley, in England, *' wliiclu forming at that place one solid seam ten Tsi^ 
in thickness, becomes split up into nine distinct seams by the intei-calation oi 4!0 
feet of strata over the northern area of the coaliieM. Tlie Main coal of thi 
Warwickshire area U split up, according to Mr. Howell, into Jive l)ed«i by 1:^0 fcsl 
of intervening strata. The Main coal of Moira is noticed by Mr. Hull as a thiid 
in.'ttHiice. (See lIulPs Paper on the Carboniferous Strata of England, vol. XTi8» 
Ko. 70, Quar. Jour. Oeol. boc.. p. 189.) Mr. Lesqiiereux. in his Report on the Etft 
Kentucky C«»al Field, in the fourth volume of Owen's State Reports, p. 860, ^«W 
what he considers sufficient evidence of a similar breaking up of the Low MainOosl 
of the Pitt<«burg area into three. This is precisely the normal number of lar^bedi 
into which the great Mauch Chunk or Mammoth Bed separates thronghuat thl 
rottsviUe*Tamaquu fiaaio. 



/• p. Lesley on the CoaUmeamret of Cepe Breton. 18T 

g the sea-shore of Nova Scotia, or on the sides of the inte- 
low lands, did once ride over the tops of its metamorphic 
onian mountains, whose summits, crowned with clififs, oppos- 
anticlinal and synclinal dips, remind the Pennsylvanian 
logist, at every view he takes of them, of those mountains on 
ch the coal still lies in fragmentary patches in his native State. 
IThat, then, are the thousands of feet of rocks included in 
isions Nos. 5, 6, 7, and 8 of Logan's great section? In 
5r words, the 7630 feet over which Dawson climbed to reach 
bottom of his "true Coal-measures?" 
(That, I ask in reply, are those wide stretches of low, rolling, 
>le country, with a red shale soil, which the traveller sees 
wading around all the productive coal areas of Cape Breton 
Nova Scotia, especially the latter? To the geologist from 
West they afford familiar scenery. He can hardly persuade 
self, sometimes, that he is not riding through Lykens or Lo« 
i or Catawissa or Trough Creek Valleys in Pennsylvania, 
r the chocolate-colored soils of No. XL* This formation, 

feet thick around the southern Anthracite coal-fields, be* 
tea, indeed, thinner and thinner northwestward, until it is but 
> in the Alleghany Mountains, and not more than 60 beneath 
tshur^. But along its thickest line it extends from Alabama 
few Jersey, a ^ood thousand miles. It would not be surprise 
, then, to see it stretching another thousand miles further in 
same direction, and spreading undiminished around the coal 
ns of Nova Scotia. 

)ivision No. 5 of Logan^s section consists of red shales and 
dstones chiefly, 2012 feet thick. There is no reason why this 
►uld not be the representative of Formation No. XI,. or of its 
per part 

t it be objected that Division No. 6 is in fact a coal system 
h nine beds of coal and numerous bituminous limestones, 
objection becomes an additional argument for the identifica* 
1. For we see in this No. 6 the reproduction, at this immense 
tapce, of the Lower or False Coal-measures of Virginia, 
ere a productive coal system underlies the chocolate shales of 
rmation No. XI, and not only reappears, with workable beds, 
Elastern Kentucky and Middle Tennessee, but projects itself, 

1 recognizable shape, through Western Indiana nearly to 
icago, and through Middle Pennsylvania nearly to the Dela* 
ne fiiver. In fact, Lesquereux pronounces the whole coal of 
kansas to belong to this lower system. It may therefore, very 
1 be found in force in Nova Scotia. Throughout Division No. 
bed of respectable size is mentioned. It is an early and 
)erfect system. 

The numbers of Formations, used in these pasres, are those origlnallj used Id 
ReporU of the Oeoloi^ical surveys of Peimsylvania aod Virginia. Prof. Rogen 
Hoee tlieo gi?eD them. 
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The chief objections to the hypothesis above SQatained vill 
come (1) from the absence of any general representative for the 
Millstone grit or Great Basal conglomerate of the True Coot 
measures ; ^2) from the sub-position of Divisions 7 and 8, 2808 
feet of sands, pebble-rocks, and limestones; and (3) from the 
presence at a still louver depth of what seems to be the genuine^ 
massive, Subcarbonifcrous limestone. To break the full force of 
these objections, I can only remark, (1) that the Pictou coal-basin 
Jias a massive conglomerate under its productive Coal-measurei^ 
while elsewhere no one formation of the whole Palaeozoic Sys* 
tem is so variable and unreliable and unidentifiable as Formi* 
tion XII, the Great conglomerate, technically so called ; (2) that 
Nas. 7 and 8 may be identified with Formation X ; and (3) that 
the Subcarbonifcrous or Archimedes limestones of the Western 
United States not only have been subdivided into five separate 
formations in the Valley of the Mississippi, but whollv thin 
away and disappear before crossing the Schuylkill and Lehigh 
Bivers on their way to Nova Scotia. Therefore, although the 
False or Lower Coal-measures of Virginia and Southwestern 
Pennsylvania are overlaid by limestones with Subcarboniferoua 
fossils, the connection, as to limestone^ is entirely cut away be- 
tween them and the Nova Scotia deposits, so that the massive 
frypseous limestones of Nova Scotia may be at any assignable 
ower level. This argument is rendered all the more forcible 
by the fact that gypsum is unknown in the United States, ez> 
cept in one or two anomalous positions, apparently connected 
with the Lower Silurian limestones, and in the closed basin of 
Michigan. 

Beneath the red shale Formation No. XI, we have^ in the 
southeastern ranges of the Appalachians, nearly three miles! 
thickness of sedimentary deposits, separable everywhere into 
three great formations: No. A, white sandstone, 2000 feet, Na 
IX, red sandstone, 6000 feet, No. VIII, green and olive shale, * 
8000 feet; the white sandstone including rarely a thin bed of 
conglomerate here and there, and traces of coal-plants and even 
thin coal-beds; the red sandstone passing downwards into red 
shale, and oilcn alternating flinty sand rock with massive mad- 
rocks even in the upner part; and the olive shale becoming 
near the base of it rocky, and even mountainous in the region 
of the Juniata, where a system of thin coal-beds was also devel- 
oped in the midst of the sandstone and shale. The white sand- 
stone of No. X becomes, in the Alleghany Mountain beltj lea 
than 800 feet thick, and is there characterized by thin-bedded 
and very irregularly cross-bedded sandstones of a peculiar green- 
ish tint and harsh, rough fracture, weathering to a surfiice sprink- 
led with small red dots of peroxj'd of iron. 

It is not too much to say that a geologist well accustomed to 
these formations, along their great Appalachian belts of moun- 
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tain and valley, stretching from the Appalachicola and Alabama 
Bivers in the South, to the Delaware and Hudson in the North, 
cannot fail to recognize them and distinguish them anywhere. 
The tout ensemble or faciee of each is sui generis. Fossils may 
come in afterwards as a satisfactory confirmation ; but the eve 
has already determined the respective formations. Even in the 
West, where Formation IX has dwindled, like Formation XI, 
to an insignificant one or two hundred feet, and scarcely sepa* 
rates the green sands of X from the green shales of YiU, the 
characteristic features of the three formations, although modified 
and harmonized by the preponderance of the argillaceous ele* 
ment, are still in sufficient contrast to be recognized when fairly 
seen. 

To an eye thus trained among the broad outcrops of the 
Lower, Middle, and Upper Devonian of the Appalachians, it is 
evident that the mountains of Cape Breton and the hills of 
Northern Nova Scotia, surrounding or intervening between the 
already-mentioned red shale borders of the coal areas, are com* 
posed of these formations. True, the anticipation of finding 
these formations has a tendency to warp the judgment and de- 
lude the eye, especially when that anticipation is based upon 
such a probabilitv as this: that a mass, three miles thick and 
a thousand miles long, will maintain its thickness (and of course 
its topographical height and geographical breadth) at least as far 
along the prolongation of its isometric axis (to use Mr. Hull's 
sew and much-needed term), as will such minor formations as 
the Coal over it or the Upper Silurian limestones under it In 
other words, if analogies between the Nova Scotia and the 
United States coals compel us to consider them synchronic, if 
not originally conterminous; and if the Clinton fossils of New 
York, and even the Dyestone" iron ore of Pennsylvania, Ten- 
nessee, and Wisconsin, be found at Arisaig, and along a well- 
defined outcrop in the direction of Truro ; surely the Second 
Mountain, Little Mountain, Orwigsburg Mountain, and Summer 
Hillf upon the Schuylkill Biver, must be represented by the 
Antigonish Mountains of Nova Scotia, and by the Sydney and 
St Peter's Range in Cape Breton : and this, whether the Nova 
Scotia Carboniferous rocks or Subcarboniferous limestones be de- 
posited upon the Devonian conformably or unconformablv. The 
I*rovince is in fact a wide belt of mountains partially sub- 
merged ; and may have been to some extent in the same condi- 
tion at the beginning of the Coal era. In the Antigonish Hills 
we may have principally Formation VIII, while in the country 
south of the Lake Bras d'Or we may have the full series of VII^ 
IX, and X. The Arisaig formation, with fossils once thought by 
Hall and Lyell to be Hamilton and Chemung, and now consid- 

'^ Described bj Pawfon, p. 58, supplemeotaiy chapter to Acadian Otology, 
1860. 
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ered by Hall and Dawson to be indisputably Clinton, altbongh 
overlaid and concealed along most of its extent by apparenUy 
nonconformable Coal measures, gives us a fixed lower limit for 
the 80-CiilIed metamorphic hill country of the Province, which 
makes this hill country necessarily l)evonian, or Formations 
VIII, IX, and X. Even if we object to the term Devonian, 
and permit the paleontologists to carry down the term Carbon- 
iferous, or the term Subcarboniferous, step by step, so as to in- 
clude first, Formation X, perhaps rightly, and then the genuine 
Old Bed IX, and even, as the effort is in the Western States, to 
include Formation YIII down to its black shale beds with coal, 
the change of term will not change the lithology, — ^the moan- 
tains of Nova Scotia must still be the representatives of the 
Catskill, Mohan tongo, Terrace, and AUegnany Mountains of 
New York and Pennsylvania. 

The eve can hardly be mistaken in the features of the road- 
side banks between Antieonish and Merigonish ; the road defiles 
through hills of YIII. Equally certain is it that the outcrops 
on the road from St. Peter's to Sydney are of the reddish and 
grreenish rocks of IX and X. The road for forty miles winds 
along the lake shore, and in and out of ravines descending from 
a group of parallel mountains of these formations, made parallel 
by a system of parallel anticlinal and synclinal curves which 
issue from the lake and throw the mountain dips to the north 
and to the south alternately, at angles from 5® to 45°. Great 
rib-plates of flinty sandrock rise to the summit and form tablets 
with broken clif& upon the outcrop side, fine objects seen thos 
against the sky. The mountains at the bead of the east arm of 
the lake, and those on its northern side forming the peninsala, 
come down upon the shore in the same style, and belong to the 
same system. On the south side of W\r6 Bay, in the ravines 
east of the Gabarus road bridge, there is no mistaking the aspect 
of masses of slates of No. VIII standing at 45® ; nor can one 
be convinced that he is not riding through a forest grown on a 
soil of IX, as he is whirled over the fine old road from Mirf 
bridge to Louisburg, although the highest elevation of the pla- 
teau is but 350 feet 

Whatever impression the Devonian and Subcarboniferoussed* 
iments of Nova Scotia and Cape Breton may make upon a geol- 
ogist from the Middle States, certainly his wonder will be piqued 
by striking analogies between the exhibitions of the workable 
Coal>measures at two such distant places as Sydney and Pitts* 
burg. The resemblance is more than general; it has special 
points. 

At Pittsburg there are about a thousand feet of Coal-measures 
(to the top coal), with a great bed 8 or 10 feet thick near the 
top, a 6 foot bed half way down, two small workable beds in 



• 
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le lower half of the colamD, and a large bed (4 to 8 feet) at 
le bottom. 

At Sydney (Glace Bay), in like manner, there are about a 
lOQsand feet of Coal-measures, with an 8 or 9 foot bed towards 
le top, a 6 foot bed half way down, two smaller beds in the lower 
ilf of the column, and a 7 or 8 foot bed near the bottom. 
At Pittsburg, as at Glace Bay, the upper 18 inches or 2 foot 
' the high Main coal is rejected. 

At Pittsburg, as at Glace Bay, the middle 6 foot coal (Upper 
reeport of the Alleghany River and Cook Vein of Six Mile 
un) is fiimous for its solid face and excellent quality. 
No one should admit that such coincidences lurnish a demon* 
ration of identity. But it must not be overlooked that the 
xls of the Pittsburg area have been traced and identified from 
id to end of areas with a diameter, in all, of over a thousand 
lies, even across the denuded interval of Central Kentucky. 
he expectation may, therefore, be pardoned, not as an amiable 
ithosiasm, but as a logical inference, that when the fossil 
roups of the individual beds of Cape Breton shall have been 
loroaghly studied by Lesquereux and other competent bot- 
lists, their identification with the beds of the West may be 
lade somewhat more than possible. The zone of sediment^ 
hen taken along its isometric axis, is equal enough over a 
riori incredible distances. Logan and Hunt and Murchison 
re finding the Quebec group and the Huronian and Laurentian 
rstems in Scotland and Scandinavia, not by fossils, but by 
ipect. No one doubts the extension of the Millstone grit and 
le Mountain limestone of England to Pennsylvania. Why 
lould the remarkably homogeneous and contmuous Flora of 
ly one of the immensely outspread beds of the United States 
9t be homogeneously continuous to Bhode Island, New Bruns- 
ick, and Cape Breton? 

One remarJkable feature, however, in this resemblance of the 
wo coal columns at Pittsburg and Sydney, must not be forgot- 
in. I refer to the mass of red shales which cap the Glace Bay 
action. A similar deposit occurs, at a fixed horizon, widely 
)read over Western Pennsylvania, but beneath, not abovej the 
[igh Main coal. 

^ote on Mr. Lesley* s Paper on the Coal-measures of Cape Breton ; by 
J. W. Dawson, Principal of McGill College, Montreal." 

The new facts and general considerations on the Nova Scotia 
»al-field contained in Mr. Lesley's paper, are of the highest inter- 
;t to all who have worked at the geology of Nova Scotia. I think 
my duty, however, to take exception to some of the statements, 
hich, I think, a larger collection of facts would have induced 

" This note war read by Profetsor Lesley before Ihe American Philoeophical So- 
Btjy mod it pnblUhed in the same number of its Proceedings. 
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Mr. Lesley himself to modify. My objections may be stAted 
under the following heada 

(1.) It is scarcely safe to institute minute comparisons between 
the enormously developed Coal-measures of Nova S(X>tia, and 
the thinner contemporary deposits of the West, any more than 
it would be to compare the great marine limestones of the period 
at the West, with the slender representatives of the part of the 
group to the eastward. 

(2.) There is the best evidence that the Coal-measares of Novi 
Scotia never mantled over the Devonian and Silurian hills of 
the Province, but were, on the contrary, deposited in more or 
less separate areas on their sides. 

(8.) Any one, who has carefully compared the Coal-measarei 
of the Joggins with those of Wallace and Pictou, must be ooa* 
vinced of the hooelessness of comparing individual beds, even 
at this comparatively small distance. A forlion) detailed com- 
parisons witn Pennsvlvania and more distant localities must fail 

(4.) I do not think that any previous observer has supposnl 
that the coal-measures of flastern Cape Breton represent the 
whole of the coal formation of Nova Scotia. Tne " Upper 
Coal-measures" of my paper on Nova Scotia are certainly want- 
ing, and probably the oydney coal-field exhibits no beds higher 
than the middle of No. 4 of Logan^s section at the Joggins. 

•(5.) The whole of the coal-beds at the Joggins ^long to 
the Upper and Middle Coal-measures. It is quite incorrect to 
identify No. 6 of Logan's section with the Loxver Coal-measures. 
These do not occur at the Joggins, but are found in Nova Sootia, 
as in Virginia and Southern Pennsylvania, at the base of the 
system under the marine limestones. The Albert beds are the 
equivalents of these Lower measures, and not of the PicUm 
coal. In my paper on the Lower Carboniferous Coal-measures 
(Journal of Geolo'jical S>ciety of [jowlon^ 1858), will be founds 
summary of the structure of the Lower Coal-measures, as shown 
at Horton BhilF, and elsewhere. The term **true-Coal-measure8," 
qnote»l by Mr. Lesley, does not mean in my description, the 
Middle Coal-measures, but merely that part o^them holding the 
workable coal-seams. 

(6.) Whatever may be the value of Mr. Lesquereux's applica- 
tions of the fossil flora to the identification of coal-seams in the 
West, I am prepared to state, as the result of an extensive seriea 
of observations, still for the most part unpublished, that in Nova 
Scotia, the flora is identical throughout the whole enormous 
thickness of the Middle Coal-measures, and that the differences 
observable between different seams are attributable rather to 
difference of station and conditions of preservation, than to lapse 
of time. It is, indeed, true, as I have elsewhere explained, tnal 
the assemblages of species in the Lower, Middle, and Upper 



/• p. Lesley an the CoaUmeaeuree of Cape Breton, 198 

noal-measares may be difltinguiahed ; but within tbese groups 
the differences are purely local, and afford no means for the 
identification of beds in distant places. 

(7.) I do not desire to offer any opinion on the questions raised 
by some American geologists, as to the extension of the term 
C^boniferous to the Chemung group; but I know as certain 
hcto, that the flora of the Lower Coal-measures, under the marine 
limestones and gypsums of Nova Scotia, is wholly Carboniferous, 
ind that the flara^ on which alone I consider myself competent to 
lecide, of the Chemung of New York, as now understood bv 
Professor Ilall and others, and also of the groups in Pennsyl« 
mnia named, by Rogers, Vergent, and Ponent (? IX and X of 
Mr. Lesley), is as decidedly Devonian, and quite distinct from 
thai of the Carboniferous period." 

For Mr. Lesley's ability as a stratigraphical geologist, I have 
the highest respect; and^ with reference to the present subject, 
iroald merely aesire to point out that he may not have possessed 
I sufficient number of facts to warrant some of his generaliza- 
tions, on which in the meantime I would, for the reasons above 
itsted, desire geologists to suspend their judgment 

J. W. Dawson. 

MflOin OoUflg^ Mootreal, February 18th, 1868.* 

Mr. Lesley remarked that he read this communication of his 
Mend, Dr. J. W. Dawson, with great pleasure, as it would 
prevent any mistake about the nature and importance of the 
jiacussion, and any undue weight being attached to his own 
laggestions; that no one was more convinced than himself that 
there could be no excuse for dogmatism where so little was 
Icnown, and, therefore, that he had intended rather to suggest 
than to defend those opinions expressed in his paper, which nad 
Irawn down so earnest and valuable a caveat from so high a 
loorce. To defend them would require long and systematic 
researches on the ground, if, even then, the too easily accepted 
>re8ent standpoint of paleontology would not hide the truth 
Tom view beoind immovable obstacles. So long as apparent 
mecific identity in organic forms continues to be accepted as 
;ne supreme test of stratigraphical horizon, discord is inevitable. 
When paleontology is prepared to return under the mild do- 
minion of her mother, lithology, which she has at least one-half 
repudiated, geology will advance more rapidly in her work. 

Dr. Dawson's first objection is a begging of the very ques- 
tion, whether the Coal-measures of Nova Scotia are ** enormously 
developed." That, in one spot of the earth's surface like Nova 

" See pitper on Devonian Flora of Eastern America, Quar, Jour. Gtol, 8oc* 
KoTember, 1863. Alto thU Journal, May, 1868. 
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Scx>tia, and that too midway between the great coal areas of 
America and those of Europe, wherein the thickness of Coal- 
measures proper range from 2000 to 6000 feet^ if they even 
attain the latter sisse, there should be an anomalous deposit of 
25,000 feet, is incredible." What the great Bohemian paleon- 
tologist, by unerring instinct, said to us after our thirty years' 
war over the Taconio system, there mast be a miskihe somewhere, 
I must repeat to those who so '* enormously develop" the Nova 
Scotia Coal-measures. And my intention in the paper on Nova 
Scotia coal was only to suggest one formula on which the error 
might be discussed. I distinctly repudiated the safety of insti- 
tuting '* minute comparisons." My comparison of the Cape 
Breton coals and the column at Pittsburg was carefully made 
in the most general manner, and the resemblance called a coin- 
cidence. But the value of the comparison remains ; for it afiTords 
a new argument in favor of the family likeness of those parts of 
the general Coal-measures of different countries, which have a 
right to the specific title of " productive coals." The argument 
also remains good, that, if 2000 feet of Coal-measures in Missouri 
can be recognized in 2000 feet of Coal-measures in Kentucky, 
Virginia, and Eastern Pennsylvania, the very same system of 
beds, bed for bed, being demonstrated first by stratigraphy, and 
then by paleontology (and such is the fact), why not in Nova 
Scotia r Even granting (8) that sufficient skill and care and 
opportunity combined have hitherto failed to identify the coals 
of the Joggins with those of Wallace and Pictou, there is still 
hope at the bottom of the box. Before Lesquereux undertook 
the study of the slack-heap at the miners mouth, our own 
identification of individual beds was very imperfect, and the 
search for a complete system of identification had been aban* 
doned with the same sense of hopelessness. But how is it now? 
There certainly may be special difficulties in Nova Scotia; 
there are such at Pottsville, and in Michigan ; but they are ex- 
ceptions which prove the rule, instead of affording an a fortiori 
argument against it 

I have no doubt that some of the Coal-measures of the British 
Provinces may have been " deposited in more or less separated 
areas on the sides of the Devonian and Silurian hills, as Dr. 
Dawson says (2). But I confess to a complete scepticism of 
the great extent which has been assigned to this unconfonn- 
ability of the Coal-measures upon the lower rocks; first, be- 
cause most of the Island of Cape Breton, and much of the 

" We have received a note from Dr. DawBon, writ ten after he had seen thi 
above remarks of Prof. Lesley, in which he says he never claimed any such thii- 
DeM as 25,000 feet for the Coal-measures proper of Nova Scotia, but that the actml 
measurements of Sir Wm. Logan, carefully revised by himixelf, gave at one pba 
the truly enormous thickness of nearly 10,000 feet, and that it is to this thaikii 
remarks apply. See Dawson's Acadian Geology, pp. 117 and 177. — Eos. 
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Barfitoe of Nova Sootia and New Branswick are oonfeflsedl^ 
unstudied and almost unknown ; secondly, because the incredi- 
ble thickness assigned to the Coal-measures throws doubt upon 
the positions assigned to the non-conformable horizons; thirdly, 
because the coal-beds themselves stand almost vertical in many 
places round the shores; fourthly, because the mountains of 
Xfova Scotia, with apparently conformable Carboniferous lime* 
stones, have apparently an Appalachian structure and aspect 
have suffered vast denudation, exhibit cliff outcrops and section 
ravines, and may just as well have carried coal upon their origi* 
nal backs, as we can prove that our Tossey, Black Log, Nesco* 
pec, Mahoning, Buffalo, Tuscarora^ Brush, and other Silurian 
and Devonian mountains did. There is an immense non-con* 
formable chasm in the column west of the Hudson River, and 
the Catskill Mountains over it have no coal upon their backs ; 
but the coal comes in r^ularly enough on them at the Lehigh, 
(a less distance than from Sydney to St. Peters, or from Pictou 
to Windsor,) and the unconfbrmability in the Upper Silurian 
and Devonian has already disappeared. 

Dr. Dawson's fourth objection would be good, if I had really 
*' supposed the Coal-measures of eastern Cape Breton to repre- 
sent the whole of the Coal-measures of Nova Scotia." But I 
only suggested that they may be the equivalents of the system 
€3i productive Coalrm^asurea ; that is alL Between the Mononga* 
hela and the Ohio, our column of productive coals is capped oy 
another of barren shales and soft sandstones of unknown height, 
by one estimate 3000 feet thick ; and part of this column may 
represent the so-called Permian measures, which, in Kansas, cap 
conformably the Coal-measures. Having no knowledge of the 
fossils, I have no desire to oppose the conclusions of Professor 
Dawson, as to the part of the column of the Joggins to which 
the Glace Bay coals apply, but hope that his accurate handling 
of them will secure some certainty about it It was the group* 
ing of the beds, and not the fossils, which I wished to bring 
into prominent notice; because the doctrine of isolated basins, 
when unfounded, or overapplied, is as injurious to lithological 
truth, as the careless identification of surface aspect may at any 
moment prove to paleontology. I willingly leave to accom* 
plished paleontologists, like Professor Dawson, the discussion of 
the grand generalization embodied in his sixth objection ; but I 
may be permitted to believe that it has had its birth in the 
doctrine of isolated basins, and that the two must stand or fall 
together. It also seems to me to involve radical inconsistencies; 
for, if I comprehend it, it asserts, 1. That the flora of the whole 
coal-measures (25,000 feet?) is identical ; that is, the vertical dis- 
tribution of each and all the plants is complete from the bottom 
to the top. 2, That, nevertheless, there are differences observa- 
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ble between different coal-beds. 8. That these are attributable 
rather to difference of station and conditions of presenrationy 
than to lapse of time ; that is, if we could take the beds, each 
one in its whole extent, and its fossils in their original condition, 
there would, after all, be no differences observable between dif- 
ferent seams. 4. That groups or assemblages of species in the 
Lower, Middle, and Upper Goal-measures may nevertheless be 
distinguished; that is, while each and every species may be 
found occasionally in all parts of the column from bottom to 
top, yet this happens in such a manner as to group some of them 
more abundantly, or in certain peculiar proportions in the Lower, 
others in the Middle, and others in the Upper portions of it 
5. That, after all, however, these groups are not persistent, bat 
differ at different localities, and are as worthless as the specific 
forms themselves for the identification of a single bed in more 
than one place. — Is it possible that all this has been made out, 
or can be made out, except in a country o{ horizontal Coal-meas- 
ures, well opened for stuay, where the stratification can be estab- 
lished beforehand, and the range of the fossils be made certain? 
In conclusion, I would say, that the want of clearly defined 
and applied names is a drawback to such a discussion. The dis- 
cussion is, in fact, initially one of names, viz: how far down the 
name Carboniferous must be carried; what are the Lower Coal- 
measures, &c. But, in t/ie end^ it is a question of vital importance 
to the value of the paleontological imprinnatur ut)on stratigraph- 
ical and structural deductions from field work. Is the discovery 
of specific forms to keep all our geological niveavx in a per- 
petual mirage-flicker? Are we never to know, from day to aay, 
whether we are at work in Devonian or Carboniferous, in Trias, 
or Lias? Why not at onco obey the marriage law of the weaker 
sex, and give up our names for our lords 7 Let geology forget 
the virgin nomenclature of her youth, and rewrite her books 
with such titles for her chapters as these : " The Spihferiferoos 
formation ; The Lepidodendriferous formation ; The Lower The- 
codont; The Middle Baculite ; The Upper Pterodactylian for- 
mation. Why has this not already been done? Simply be- 
cause it cannot be done. No paleontologist has yet been bold 
enough even to propose it. Yet, as I believe, the 26,000 feet of 
Coal-measures in the British Provinces will be found to be one of 
the many unconscious realizations of this idea, when no one can 
be found to nominate it openly. The whole Paleozoic system, at 
its thickest place, in southeast Pennsylvania and middle Vir- 
ginia, is but 85,000 feet. It is not unreasonable then to suggest^ if 
not to afiirm, that the vast column of so-called Coal-measures in 
Nova Scotia will take in all that part of the Paleozoic column 
which has furnished coal, and that is from the top downwards 
nearly to the Upper Silurian. 
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Abt. XVIEL — Hydraulics of the Separt of Humphreys and Abbot 
on the Mississippi River; by Prof. F. A. P. Babnard. (Con* 
tinued from p. 87.) 

For the solution of most problems in practical hydraulics, it 
is necessary to establish the relations which e^iList between the 
crosB-section of the stream, its mean velocity, and the slope of 
its surface. As a basis of this investigation, it is assumed by 
the authors of this report, as by other writers on the subject^ 
that the condition of uniform motion is expressed by equating 
the accelerating force with the resistances. One side of the 
equation presents no difficulty; it is simply the expression for 
the force of gravity. The other requires consideration. 

The authors of the report reject the idea that the cohesion of 
the particles of the liquid among themselves enters as an element 
into the resistance of the liquid to motion. They hold that this 
cohesion is concerned only in determining the distribution of the 
resistance through the mass; but that the resistance itself is 
simply the adhesion of the liquid to its bed. It is unnecessary 
to stop just here to discuss the question by what name it is most 
fitting that the resistance to flowing water shall be called. It i^ 
quite sufficient, if we agree that were the resistances, irregularis 
ties, and obstructions to motion, at the surfaces of contact be- 
tween the water and the earth or the superincumbent air, to be 
totally annihilated, the whole body of water would descend with 
a uniformly accelerated velocity, as a solid descends an inclined 
plane ; and there would be no subsurface curves. The resist- 
ances therefore come from the perimeter, and must be propor- 
tional to it, and to the length of the channel considered. In the 
perimeter, the results of this survey go to prove that we must 
include that part which is in contact with the air, as well as that 
which bounds the cross-section beneath the water. The question 
how there happens to be a resistance at the surface, and what is 
the cause or wnat are the causes producing it, is a question to 
be considered by itself. For the moment we accept the fact, as 
experiment has established it. The resistances must then be 
proportioned to the perimeter and length of channel ; and, also, 
Decause, when there is no motion, there is no resistance, to some 
function of the mean velocity at the surfaces in contact Now, 
if we put 

az=:cros8-8ection of the river, W=width, 

j>=:wetted perimeter, r=-=:mean radius, or hydraulic depth, 

Z=length of channel considered, Az=total head or difference of level, 
A,=part of head balanced against ordinary resistances of the channel, 
A,;:=part of head neutralized by bends, and irregularities, 
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Gsrspecifie grayity of the water, ^=measure of the force of graTitj, 



«=-T^=:8lope of BurfiAce expended against ordinary reeistanoes, 

y =slope expended against bends, he Y, IT, v, 5=8ame Taluet as 

before, 

we shall have, for the accelerating force of gravity, the expres- 
sion, Ggals^ and, for the resistances at the perimeter, the ex- 
pression, 

which two expressions are to be put equal to each other. In a 
very large river, W and P are very nearly equal, though p of 
course dways exceeds W. The expression may be simpIiBed 
by putting Ihem equal, and no appreciable error will result 
^Iso, G and g are constants, and Z is a factor common to both 
sides. Dividing by these, and putting p=W in the fraction, 
there will result the equation, 

as={p+W)<p(-o:r_y^ or _^=^(-iL_j. 

If we substitute the values of U, and Ur given above, the 
equation siroplilies itself immediately to the following:^ 

as 4- 
^=9P(0-93w-0-ie7(6v)*); which put =9(«). 

Let ^ be denoted by r, =the radius of the entire perime- 
ter : the expression then becomes 

r^=<p{'9Sv - 167(6t;)'^)=<)p(z). 

This preliminary equation differs from that which is usually 
assumed, in two particulars. First, the radius of the entire 
perimeter, r, is employed instead of r, the hydraulic mean depth 
(to which, however, it is in nearly a determinate ratio) ; and 
secondly <p{z) is used instead of 9(1;), or a function of the mean 
vehcity at Oie perimeter^ instead of a function of the mean velocity 
of the river itself 

' In Btating this expression, the authors have committed a sort of mathematieal 
solecism, in arbitrarily changing the sign of the second term, to guard against tha 
subsequent occurrence of what thej conceived to be an inconsistency. We shall 
see that the apprehension was unfounded. Tlie change of this sisn, in fact, contra- 
dicts the original hypothesis. For the quantity under the symbol ^ is the mean of 
the velocities at the upper and lower boundaries of the mean vertical plane ; and 
this can never, by any possibility, be greater than (he mean velocitv in the samt 
plane, which is *98i; ; nor even equal to it, except in the case in which the parabolt 

becomes a straight line, and v=0. Therefore, since {hvy has been neceasarily 
taken throughout as essentially positive, the written sign before it must be 
negative. 
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In order to determine the nature of the function <p{z) and the 
constants which must enter into it, a collection was made of all 
the available data which had been furnished by the survey, or 
which could be gleaned from the publications of other observers; 
embracing thirty examples of area, width, wetted perimeter, 
maximum depth, mean velocity and slope of streams varying 
in magnitude from the dimensions of the Mississippi at high 
water, down to those of a small canal. In regard to slope, it 
was to be considered that a portion is expended in overcoming 
the irregularities of the channel and the changes of cross-section : 
and a portion, in compensating for the loss of living force at 
bends. It is only what remains after these effects have been 
subtracted, which constitutes the equivalent of the resistance 
of a straight and regular channel. The effect of bends must be 
provided for in an independent formula; and the amount of 
slope neutralized by them, deducted from the total slope ob- 
served. Irregularities and changes of cross-section in the chan- 
nel are governed by no law, and therefore cannot directly enter 
into the formula ; out they produce a mean effect, which is pro- 
vided for in the modification which they introduce into the con- 
stants which are derived from observation, on the supposition 
that, after bends have been allowed for, the channel is straight 
and regular, and the movement in it uniform. The method 
pursuea by most writers, of putting g>(t;)'=At;-|-Bv*, and then 
seeking values •for the indeterminate coefficients which shall 
most nearly represent the observations, was tried by the authors 
of the report, making 



r^*=Az-fBz2, or -^=A+B«, 



z 



r,8 



in which — and z are co-ordinates in the equation of a straight 

line ; but they found that a straight line would not represent the 
observations, and that the involution of z produced expressions 
of troublesome complexity. They then put 

rji=Cz^, or C=^ 

z^ 

and plotted the values of C as ordinates to r„ 5, and v. The 
plots with r, and v produced irregular curves following no appa- 
rent law. That with 8 was quite regular. It was inferred 
therefore that C is some function of the slope. After a very 
long series of trials, with a view to discover this function, the 
expression 1 

0=' 
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was adopted, as most satisfactorily fulfilling the required con- 
ditions. Substituting this, therefore, in the formula, it becomes 
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From this are deduced values for each of the variables in 
terms of the rest (regarding jo+ W as a single variable), viz : 

^\ 196a / • 

*~ 196H ' 
196(M* 

Instead of p+W, may be put, without apj^redable error, for 
rivers, 2*015 W. Eesuming the value of «, viz: 

and solving with respect to v^, we obtain 

and t«(-V0-0081&+(226r,»^)*4-0-096M 

The negative value of the radical is that which it is necessary 
to take, in order to fulfil the condition that v shall beoome zero 
when 8 is zero. 

For rivers, the value of i, as heretofore given, is 0'1856. The 
term containing it under the radical will have only the value 
•0015, and may ordinarily be neglected. The expressions for 
the several variables will then become 

v=i(00388-(225r,«*)*)23=i[o-0388-a*[ ^i^) ) 

__ (t;^^ 0- 0888)^ _/ (i;^-00888)^ \» • 

*^'"" 225«r *""\ 226ri / 

tf Q represent the amount of discharge per second, then 

Q , Q 

v=— , and an-. 
a V 

If Q be given, along with any two of the foregoing variables, 
the rest may be computed by the help of this equation, unless 
the two given at the same time are v and a. 

In estimating the effect of bends, the authors found the 

* Id the last two formulae, the second term of the nnroeretor has the negatift 
sign, where the authors of the Report have made it positive. This difference results 
from our having diosen not to adopt the change of sign in the value of z, iotrndooed 
bj the authors, as explained in the note on p. 198. The two formulsB above are the 
only ones in which the original difference of proceeding involTes any differeoee of 
final values ; and as neither of these is employed at all lo the niDMqiitiit tfii 
compatationa, the discrepancj has here no practical importance. 
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formula of Dabuat, with a modification of the eonstant, to 
represent very nearly the effect deduced from observation. This 
formula is (with the constant divisor reduced to English feet) 

" ^ "266T' 

in which sin'^ is the sum of the squares of the natural sines of 
the amount of bending, divided into angles not exceeding 86^ 
or 40°. 

Dubuat derived this formula from observation on the flow of 
water in pipes, in which the cross-section has no such variation 
as is always observed in the bends of rivers. The value of h,, 
is therefore too small, or the constant too large. Observations 
were made by the survey, to determine the amount of slope 
required to overcome a given bend. These observations were 
founded on a principle at once simple and ingenious. A level 
was run from one point of the river to another, several miles 
distant, embracing between them a bend and a long straight 
reach. Simultaneous readings of the stand of the river were 
made at both ends of the reach, and above the bend. If the 
bend had not existed, the slope in the reach multiplied into the 
distance by river between the extreme stations, should give the 
observed difference of level. The fall is always greater as ob* 
served than as computed, by the value of h^,. From the data 
obtained bv means of such observations, it was ascertained that 
Dubuat's formula, with the constant 184, would accord very 
closely with the observations. The authors therefore give, as 
the expression for the effect of bends, 

v^ sin ^ A 

A table of the comparative values of h„ as computed by 
formula, and as obtained by actual measurement, over distances 
varying from five to nine miles, is given in the report, in which 
the differences are all very small, and are proportionally smaller 
as the distance is greater. In the application of the formula to 
cases in which an actual examination of every bend had not 
been made, resort was had to the best maps, and an estimate of 
the amount of bending made by measurement on the map. As 
a rough test of the correctness of these determinations, an 
independent formula was constructed, on the principle that the 
amount of bending between two points must oe approximately 
pn^rtional to the difference oi distance between the points, 
as measured by an air line, and by the river. Denoting this 
difference in miles by M, it was found that sin'd rarely differed 
essentially from 0*84 M. A series of comparisons somewhat 
extended, upon stretches of the river varying from three miles 
to more than eighty miles in length, gave, for the total of the 

Ax. Joux. ScL— SsroKD Skbdu, Vol. XXXVI, Na 107.— Sept., 186S. 

36 



302 Hydraulici of the Mississippi River. 

obsenred values of sin,^ 140*81, and for tbat of the yalaes 
computed by the last formula, 141*78. The total of the differ- 
ence, taken, without regiurd to sign, was 22*88. This, observe the 
authors, '* is given as an illustration that so far from being, as 
often declared in popular writings, a river without rule or beyond 
the restraint of law, the Mississippi is in reality controlled by 
laws which can be expressed in single algebraic formulae/' 

We now come to that part of the report which has impressed 
ns most forcibly with the value of the new formul», and the 
merit of the ^reat labor by which they have been wrought out 
This consists m an extended series of tests, in which the results 
of computation according to the formul» are compared with 
actual measurements of the quantities computed. As no ade^ 
quate idea of the severity and thoroughness of these tests can 
be formed without an inspection of all the data, alonjr with the 
results deduced from them, we regard it as in justice due to the 
authors of the report to insert the following tables in full. It is 
to be observed that, in all cases, the slopes of rivers, as given in 
the first table, are the slopes as corrected firom the measured 
slopes, by applying the formula for bends. The second table 
contains differences between the values of the computed mean 
velocity, and the mean velocity actually measured, in each of 
thirty cases. This table is rendered especially interestiDg by 
the comparison which it exhibits between the results given by 
.the new formula for velocity, and those derived from the fo^ 
mulae laid down by other writers. The following list embaces 
all these formulad : 

((Young's coefficient) v= 84-3(r«)*. 
(Ejtelwein's coefficient) v= 03'4(r«)^. 
(DowniDg's and others' coefficient) i;=100*0(r«)^. 

y, . , 88-49(4- 0-03) /.Aoo/i f.r.^\ 
Jjubuat . . . t;= — i-2 i- « 0*086(r' — 0'08). 

(-.)*-Ki+-)* 

In which L= common logarithm multiplied by 2'S0258I». 
Girard . . . t;=(2'694-26384r«)*- 1-64 

(For canals) t;=(0-0566 -[-10593 r«)*— 0-2857. 

D P / (For canals and pipes) i;=(00237 -[- 9966 r«)» — 0-1542. 

(Ejtelwein's coefficient) t;=(001 19 -[- 8963 r«)^— 0-1089. 
(Weisbach's coefficient) t;=(0'00024+ 8676 r«)^- 0-0154. 

Faun^....=(^(^)')*-A. 

In which A=00000001 U\Z+^-^^^ - ~ 21 \ 

\ ^ r 3r+8 4r-|-0*0296/' 
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Hydraulics of the Mississippi River. 
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In order to understand the signs prefixed to the numbers in 
the foregoing table, it must be observed that the authors have 
tabulated the differences as corrections^ not as errors. That is, 
each number must be applied to the result of the particular 
Gompatation to which it relates, with the sign as written. Thus, 
the first number in the Chezy- Young formula, viz: 4-2 6888, 
indicates that this amount must be added to the value of v which 
the formula gives, in order to make it equal to the observad 
velocity, 5-9288. The formula gives 8-2400, and 3-2400+2-6888 
3=6*9288. This mode of exhibiting results, though it makes 
the comparative error striking, fails to convey an adequate im- 
pression o{ the comparative approacfi to trut/i, which is a different, 
and practic&lly more important thing. Let us take, for illustra- 
tion, the first four examples, with the results by several of the 
old fi^rmulce and the new. 





1. 


2. 


8. 


4. 


VtLobMnred, 


6*9288 


68869 


4-0888 


89776 


Cbeij-TouDg, 


S2400 


2-9702 


1-8866 


1-4268 


Dnboat, 


2-7468 


24496 


0-6796 


0-7702 


Qinrd, 


4-8148 


48188 


1-4181 


1*5687 


Prooj-ETtelwein, 
IVoBj-Weitbach, 


8*6814 


8-2286 


1*8960 


1-4966 


8*6644 


8-2663 


1-4618 


1-6698 


Youngs 


8*2741 


2-9869 


1-2616 


1-8466 


StVeoant, 


8*6907 


8-1867 


1-8804 


1*4766 


BUH, 


8*0461 


2*7869 


1-0786 


1-1646 


HoDiphreyB and Abbot, 


6-8908 


6-6444 


8-7746 


8-9117 



Thus, by comparing the actual velocities obtained by the 
different methods, it will be seen that most of the results are so 
tkr from the truth as to make them of little practical value ; 
while the approach by the new formula is so near, that the 
diflference is as likely to be due to errors of observation as to 
those of method. 

There is another particular in which the table will not fail to 
attract notice. It is, that the old formulae give better results 
upon rivers of moderate size, as upon the bajrous, the Haine, the 
Bnine, the Tiber, ^., than upon the Mississippi ; though upon 
the Mississippi itself, their results show great discrepancies. 
There is, however, one curious exception in the case of small 
streams. Numbers 17 and 18 are examples upon the feeder of 
the Chesapeake and Ohio Canal near Washington. The follow- 
ing are the results: 





1. 


2. 




1. 


2. 


YtL obtcrred, 


8-0828 


2-7227 


Prony-Weisbach, 


4-7199 


4-7060 


dmy-TooDg, 


4-2868 


4-2688 


Young, 


4-4069 


4-8880 




4-7863 


4-7084 


St. VeDant, 


4-6798 


4 6180 


Oinrd, 


6-7798 


6-7868 


Ellet, 


4-6096 


44724 


ftDoj-Sjielweiii, 


4-7066 


4-6808 


Humphreys and Abbot, 


81082 


80821 



SW Hydraidics of ike Mississippi Riter. 

The old formulsd all give here a yelocity largely in excess; 
whereas in large streams tbej are almost invariably in deficiency. 
The new formula represents these cases with as close an approach 
to observation as any others. The explanation of the anomaly 
is not obvious. The example of nearest general agreement of 
results, appears to be the small river Haine, No. 20, which gives 
the following: — 



Vel observed, - - - 2*4947 

Cheiy Toiuig, - - « 2*4046 

DubuAt, .... 2-4494 

Girard, .... 8-S749 

Prooy-BytelweiB, - - - 2*5937 



Prony-Weisbech, - - • 2*6414 

Touiig, .... 2-8898 

StVenant, .... 2*5540 

Ellet, .... 19707 

Humphreys and Abbot, - - S-4690 



If we examine the numerical ratio between the ^ums of the 
errors of the several formulae in these thirty cases taken without 
regard to sign, as given in the table, to the sum of the observed 
velocities (115'4847), we shall find it to vary from twenty-two 
per cent for the formula of Dupuit, to thirty-nine per cent for 
that of Ellet. The formula of Humphreys and Abbot gives 
five and a half per cent If we take tbe algebraic sum of these 
errors, this last ratio is reduced to three per cent; which is the 
tendency, as shown by this table toward excess. Examining 
the other formulae in the same way, we shall see that they are 
all in deficiency, with the exception of Girard, who leans on 
the side of excess to the extent of eleven and a half per cent 
The Chezy-Ey telwein formula gives a ratio of twenty-five per 
cent when the arithmetical sum of the errors is compared with 
the sum of the velocities ; the Chezy-Downing formula gives 
twenty-three per cent on the same comparison. In these cases 
the algebraic sum of the errors shows a tendencj^ to deficiency 
of fifteen and a half per cent for the first, and nine and a half 
for the second. Of all the old formulae, the Dupuit appears to 
be the best ; for the arithmetical sum of its errors bears the least 
ratio of all of them to the sum of the velocities ; and the oppo- 
site errors, in these examples at least, almost exactly balance. 

The second method employed by the authors of the report, to 
test the accuracy of their formulae, consisted in computing tbe 
difierences of level between points of the river distant from each 
other, in regard to which this difference had been ascertained hy 
measurement. The same computation was made by Mr. Ellets 
formula also, the results being introduced into the table along 
with those derived from the new formulae, for the purpose of 
comparison. No computations were made in this case from the 
other formulae, their large errors already showing their inappli- 
cability to natural streams. An exception was made in favor 
of Mr. EUet's, because it had been expresslv designed for rivers. 
The present test applies equally to the bend formula, and to that 
for mean velocity. The following tabic embraces both data and 
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SOS Hydraulici of the Mississ^i River. 

results. The data were not in all the cases known with eqnal 
degrees of exactness ; but the small ratio of the errors to the 
distances on which the computations severally depend is not 
only satisfactory, but even surprising. In the last example but 
one, the error is regarded by the autnors, as having been proba- 
bly in great measure occasioned by the occurrence of crevasses 
between the points observed. The error which is largest in 
absolute amount is that between the Arkansas and Ohio riven 
at low water, which is redded as possibly due to sand bars. 

The final test, and, as ii seems to us, the most satisfactory of 
all, consists in the application of the new formula to the eola- 
tion of the important question, how much will the level of a 
river be raised at a given locality, at which the cross-section and 
discharge are known, by any given definite increase of the dis- 
charge ? In investigating this question, it is commonly assumed 
that the slope of the river is unaltered hj the increased volume 
of discharge. But, as this assumption is not true, the results 
which are deduced from it are equally erroneous. In order to 
introduce the variation of slope, or the new slope produced by 
the addition to the volume, as an element in the computatioD, 
it was necessary to ascertain, if possible, by observation, the law 
which regulates the change. 

The level of the water at the mouth of a river is not sensibly 
affected by a flood. For a certain distance up the course of the 
stream, the effect upon the slope produced by a rise in the river 
of a definite amount, will be equal to the total rise divided by 
the distance to the mouth. But, in general, an addition to the 
volume of waters produces a swell which passes down the stream 
like a great wave, so that the level may be actually falling near 
the head of the valley, when, at points lower down, it has not 
yet begun to rise. It is therefore evident that the same stand of 
the river is not always accompanied by the same slope, at any 
given point of observation, unless it be near the mouth. 

From gauge observations, it appears that the form of the ware 
is tolerably regular, and that the daily change of slope is nearly 
the same for the same stand of the river in rising and falling. 
It is evident that observations on the passage of the great flocM 
waves may be best conducted in the upper parts of the valley; 
inasmuch as the wave in its progress down the river tends, from 
the greater slope on the lower side, to spread itself over a wider 
and wider base, and loses therefore in the degree of its convexity. 
Columbus, Kentuky, was, on this account, first selected for 
study. The cross-section, perimeter, width, gauge-level and 
discharge of the river were determined for different dates during 
the progress of each of six marked rises of the river, and the 
corresponding slopes computed from the formula for those dates. 

The differences of slope measured, of course, the change pro- 
duced by the increased volume of discharge. 
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tn the endeavor to ascertain the law of change, the slopes 
re first plotted as abscissae, to the gauge«readings as ordinates ; 

I straigDt lines were drawn connecting the points representing 
\ top and bottom of each rise. These lines were not parallel, 
>wing that the rate of increase of slope varies for aifferent 
38. In the further study of their relations, it was discovered 
it the difference of slope divided bj the rise is the abscissa of 
3arve sensibly parabolic, in which the gauge-reading at the 

• of the rise, measured from low water mark, is the corres- 
iding ordinate. Or, if x denote the rise, e the primitive gauge- 
iding, and e+x the gauge-reading at flood; also, if s, and «,, 
>resent the primitive slope and the slope at flood, then the 
lowing equation will be true : — 

The value of -p is to be determined by dividing s^f—s, (of 

;h which slopes the values are deduced, as iust stated, by the 
mula, after the observations have determined the cross-sectioui 
charge, perimeter, and rise of the river) by {e+x^x. For the 
ne locality it is found to be constant; but it is different at 
ferent pomts in the lengi^ of the river, 
[f now we put a^ Q; />, W , v, for the cross-section, discharge^ 
rimeter, width, and mean velocity of the river in the primitive 
ge, and a,,(i„Pf, W,, and v,, for the same (quantities after the 
s; and if, in estimating the increased perimeter of the river 
sasioned by the rise, we neglect, as we mav safely do for a 
ge stream, the inclination of the banks, the new perimeter 

II be equal to the primitive perimeter increased by 2x, and we 
ill have 

Also, as these denominators are equal and numerators also, 
> shall have 

«/.=«/+W,«; or a,,t;,,=Q,,=a,t;,,+W,v,,a? 

Now, if the quantities a„ Q„ p,^ W„ v, (with z, which is its 
iction) be given, and it be required to know how much the 
er will rise if Q, be made Q,^, the problem may be solved, 
d higher equations avoided, by an easy process of trial and 
or. Let Sf be first computed from the formula 
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810 Hydraulics of the MUsisMippi Rher. 

Then, assuming some definite value for x^ obtain the numerical 
values of "^ and 8,^ ; the former from the equation given 
just above, and the latter from the equation, 

in which the reciprocal of the parameter has the value belonging 
to the locality. This being done, v„ may be obtained from the 
equation for mean velocity already given, viz : 

.„=(00388-(225.i^-^)*)'; 

and with this value of v„ a value of x may be formed £rom the 
equation just found ; 

If this last value agrees with the assumed value, the problem 
is solved. If not, a new supposition must be made. But, as the 
true value always lies between the two erroneous values — that 
is, between the assumed one and the computed one — ^the approx- 
imation will be rapid. This method has been applied by the 
authors of the report to the calculation of many rises in the 
river, of which the particulars are given in the following table. 
The results are compared with calculations for the same rises 
from the formula of Mr. EUet. The symbols A, and L in the 
table belong to Mr. Ellet's formula, the manner of employing 
which it is not necessary here to explain. 

The only criterion by which it is possible to judge of the value 
of hydraulic formulae, is the degree of their accordance with 
direct observation. We have no principles of positive science, 
to which, in forming such estimates, we can confidently or safely 
trust. Were it otherwise, we should long since have had 
formulae, concerning the truth of which there would be no room 
for doubt. But science is not in possession of the material for 
the construction of such expressions. It can only indicate cer- 
tain variables which must enter into them; as to the manner in 
which they shall enter, or whether they are all that affect the 
case, it is silent. We do not know the physical law of resist- 
ance opposed to the movements of a fluid by the surfaces which 
confine it, nor does it yet appear how we can know it. And so 
long as it is a fact that all the postulates of theory, and all the 
resources of analysis^ are powerless to tell us what amount of 
force will be consumed in driving a liquid, with a given velocity, 
into the mouth of a tube, or through the simplest orifice that 
can be made in the side of the containing vessel, we may well 
regard a problem affected by all the complex conditions which 
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212 /. M. Merrickf Jr^ on, Inhaiatwn of Nitroglycerine. 

modify the flow of water in a natural channel, as practicallj 
beyond their reach. Hydraulic formulae must, accordingly, 
from the nature of tlie case, be to a freat extent empirical ; and 
the highest degree of theoretic plausibility which such a formula 
may bring to recommend it, can at best only serve as an encour- 
agement to us to try it, in order that we may ascertain how far 
it may truly represent nature. The experience gathered in such 
past trials has not, however, been of a nature to render the 
encouragement a very solid ground of hope for a feivorable 
result. 

The test then of actual trial is that to which we must bring 
at last all theorems in hydraulics; and our judgments of their 
merits will be regulated by the manner in which they stand this 
test. This is a principle which the authors of the report before 
us seem to have fully recognized ; and the thorougnness with 
which they have applied it to their own formulae is without any 
past example in the history of such investigations. We think 
them, therefore, fully justified in the modest claim with which 
they conclude this part of their labor, viz., that these formuhs 
are "entitled to the confidence of practical men." 



Art. XIX. — On Inhalation of Nitroglycerine ; by John M. 

Merrick, Jr. 

Various experiments have been made by diflerent observers' 
upon the action of nitroglycerine or glonoine upon the animal 
economy — the nitroglycerine, or its solution in alcohol, beine 
administered by dropping it upon the tongue — the effects which 
have been noticed being generally acceleration of the pulse, 
headache and prostration, and in peculiarly susceptible personfl, 
these symptoms greatly aggravated. 

These experiments, though somewhat contradictoiy, are veiy 
interesting, ooth from a chemical and a toxological point of view, 
but do not touch upon one matter, viz : the effects of the inha- 
lation of the vapor of glonoine — a subject to which considera- 
ble interest must attach itself when we consider the rapidity 
with which the symptoms develop themselves when only a frac- 
tion of a drop is placed on the tip of the tongue. 

In preparing a quantity of nitroglycerine in 1859, I met with 
an accident, the result of which exhibits in a very marked and 
satisfactory manner the toxical properties of this curious sub- 
stance, and shows the necessity for extreme caution in handling 
it, especially when mixed with a volatile and inflammable sot 
vent, as alcohol or ether. 

*- Vide Braithwftite't Betrospeet of Practical Medicine, part zzzrii, p. 294. 
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The nitroglycerine was prepared by allowing pnre glycerine 
to drop from a pipette with a glass stop-cock, so adjusted as to 
allow from fifteen to twenty drops to &11 in a minute into a 
mixture of equal volumes of the strongest nitric and sulphuric 
acids cooled by very cold water. 

In repeated experiments I have found that, in spite of the 
precautions taken to cool the acids, it is impossible to avoid an 
accident now and then, since, when the action reaches a certain 
intensity, just as in the oxydation of uric acid or cotton, the ex* 
periment ends in an explosion or a violent evolution of nitrous 
fumes. When such a result occurs in making glonoine, the 
bystander seldom escapes a severe headache, even though the 
experiment be conducted in the open air. 

After glycerine equal to half the bulk of the mixed acids had 
dropped m, the whole was thrown into a large volume of cold 
water, thoroughly washed, drawn off with a pipette, dissolved 
in ether, and the ethereal solution evaporated on a water-bath. 
It was in this part of the preparation tnat the accident occurred 
which enables me to speak of the consequences which follow 
the inhalation of the vapor. The glass dish in which the evap- 
oration was being conducted, by some mishap tipped over, spill- 
ing half its contents on the hot copper bath, ana in a moment 
the room was full of the mixed vapor of nitroglycerine and 
ether. Although I stood directly over the water-bath to adjust 
it, and must have inhaled a large volume of the mixed vapor, 
no instant bad result followed, but in less than fifteen minutes 
a headache set in, slight at first, but increasing in intensity by 
degrees, until in an hour and a half it became almost intolera- 
ble. It was accompanied by a good deal of faintness and ex- 
haustion, intolerance of light, and a feeling of great general 
distress and alarm, in addition to the racking pain. Relief was 
only obtained at length by the inhalation of a large quantity of 
ether, the insensibilitv produced by which was followed by 
broken and disturbea sleep lasting until the following day, 
which was marked by weakness, exhaustion, and slight head- 
ache. These unpleasant symptoms did not finally disappear for 
three or four days. 

It may be remarked that, during all the time that the severe 
pain and distress lasted, consciousness was never lost for an in- 
stant In Mr. Field's case,' two drops of a solution containing 
only one drop of glonoine to ninety-nine of rectified spirit pro- 
daced loss of consciousness and other very alarming symptoms 
of narcotic poisoning. 

The effects of glonoine upon different individuals are exceed- 
ingly different and contradictory. Two drops of a diluted solu- 
tion containing only one drop of nitroglycerine in ninety-nine of 

* Vide Braithwaite ot supra. 
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alcobol produces alarming symptoms of poisoning in one person, 
while another swallows two hundred drops of a similar solution 
with no other ill effects than a slightly ''muddled" feeling in 
the head. I have experienced unpleasant feelings from tasting 
exceedingly minute quantities of pure nitroglycerine, such as 
headache, ouzzing in the ears, with a feeling of nervousness and 
depression, although the action of the drug does not seem to be 
nearly so powerful or so rapid as when it is given in the form 
of alcoholic solution. Pure nitroglycerine is volatile at ordinary 
temperatures — a fact which was accidentally discovered in draw- 
ing off with a mouth pipette some nitroglycerine which had just 
been washed with water. Headache ana the usual symptoms 
immediately set in, though not a particle of the liquid' touched 
my mouth or tongue. 

The following experiment, which shows that some constitu- 
tions are susceptible to the action of one-fortieth of a drop of 
glonoine, was made with a solution of nitroglycerine containing 
two and one-half drops of the pure substance to ninety-seven 
and one-half of alcohol. The solution was dropped upon sugar, 
and the sugar allowed to dissolve on the tongue. 

My general health being good, and my pulse being seventy- 
nine, about two and one-half hours after a full meal, I took one 
drop of the solution. In two minutes my pulse was ninety-four, 
with dull, throbbing headache; in five minutes the pulse was 
one hundred, the headache changing from the back to the front 
of the head ; in ten minutes the pulse was down to eighty -eight, 
and in fourteen minutes back to its normal rate, seventy-nine^ 
although the headache did not wholly pass off for fifteen min- 
utes more. It will be noticed that a quantity of the solution 
was taken, equal to only one-fortieth of a drop of pure nitro- 
glycerine. 

Walpole, Mass., Julj, 1868. 



Art. XX. — On the Cfiemical and Mineralogical Relations of Meta- 
morphic Rocks ; by T. Sterry Hunt, F.RS., of the Geolo- 
gical Survey of Canada.^ 

[Read before the Geological Society of Dublin, March 12, 1863.] 

At a time not very remote in the history of geology, when aU 
crystalline stratified rocks were included under the common 
designation of primitive, and were supposed to belong to a pe- 
riod anterior to the fossiliferous formations, the lithologist con- 
fined his descriptions to the various species of rocks, withoat 
Eeference to their stratigraphical or geological distribution. But^ 

' From the Dublin Quarterly Journal of Science, for 1868. 
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with the progress of geological science, a new problem is pre- 
sented to his investigation. While paleontology has shown that 
the fossils of each formation furnish a guide to its age and stra- 
tigraphical position, it has been found that sedimentary strata of 
all ages up to the Tertiary, inclusive, may undergo such changes 
as to obliterate the direct evidences of organic life ; and to give 
to the sediments the mineralogical characters once assigned to 
primitive rocks. The question here arises, whether, in the ab- 
sence of organic remains, or of stratigraphical evidence, there 
exists any means of determining, even approximately, the geolog- 
ical age of a given series of crystalline stratified rocks ; — in other 
words, whether the chemical conditions, which have presided 
over the formation of sedimentary rocks, have so far varied, in 
the course of ages, as to impress upon these rocks marked chem- 
ical and mineralogical differences. In the case of unaltered sedi- 
ments, it would be difficult to arrive at any solution of this ques- 
tion without greatly multiplied analyses ; but in the same rocks, 
when altered, the crystalline minerals which are formed, being 
definite in their composition, and varying with the chemical 
constitution of the sediments, may, perhaps, to a certain extent 
become to the geologist what organic remains are in the unal- 
tered rocks, a guide to the geological age and succession. 

It was while engaged in the investigation of metamorphic 
rocks of various a^es in North America, that this problem sug- 
gested itself, and i have endeavored from chemical considera- 
tions, conjoined with multiplied observations, to attempt its so- 
lution. In this Journal for 1858, and in the Quarterly Journal 
of the Geological Society of London for 1859, (p. 488), will be found 
the germ of the ideas on this subject which I shall endeavor 
to explain in the present paper. 

It cannot be doubted that, in the earlier periods of the world's 
history, chemical forces of certain kinds were much more active 
than at the present day. Thus, the decomposition of earthy and 
alkaline silicates, under the combined influence of water and 
carbonic acid, would be greater when this acid gas was more 
abundant in the atmosphere, and the temperature probably 
higher. The larger amounts of alkaline and earthy carbonates 
then carried to the sea, from the decomposition of these silicates, 
would furnish a greater amount of calcareous matter to the sed- 
iments; and the chemical eflfects of vegetation, both on the soil 
and on the atmosphere, must have been greater durine the Car- 
boniferous period, for example, than at present. In the sponta- 
neous decomposition of feldspars, which may be described as sil- 
icates of alumina, combined with silicates of potash, soda and 
lime, these latter bases are removed, together with a portion of 
silica ; and there remains, as the final result of the process, a hy- 
drous silicate of alumina, which constitutes kaolin, or clay. This 
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change is £Eivored bj inechaDical division ; and Daubrfe baa 
shown that by prolonged attrition of fragments of granite under 
water, the softer and readily cleavable feldspar is in great part re- 
duced to an impalpable powder, while the uncleavaole grains of 
auartz are only rounded, and form a readily subsiding sand — 
le water at the same time dissolving from the feldspar a certain 
portion of silica, and of alkalL It has been repeatedly observed, 
where potash and soda feldspar are associated, that the latter is 
much the more readily decomposed, becoming friable, and finally 
being reduced to clay, while the orthoclase is unaltered. The 
result of combined chemical and mechanical agencies acting 
upon rocks which contain quartz, and orthoclase, and a soda fela- 
spar, such as albite or oligoclase, would thus be a sand, made up 
cuiefly of quartz and potash feldspar, and a finely divided and 
suspended clay, consisting for the most part of kaolin and of pa^ 
tially decomposed soda feldspar, minglea with some of the smaller 
particles of orthoclase and of quartz. With this sediment will 
also be included the oxyd of iron, and the earthy carbonates 
set free by the sub-aerial decomposition of silicates like pyrox- 
ene and the lime (anorthic) feldspars, or formed by the action of 
the carbonate of soda derived from the latter upon the lime and 
magnesia salts of sea water. The debris of hornblende and py- 
roxene will also be found in this finer sediment. This process 
is evidently the one which must go on in the wearing away of 
rocks by aqueous agency, and explains the fact that while quartz, 
or an excess of combined silica, is for the most part wanting ia 
rocks which contain a large proportion of alumina, it is gen- 
erally abundant in those in which potash feldspar predominates. 
So long as this decomposition of alkaliferous silicates is sab- 
aerial, the silica and alkali are both removed in a soluble form. 
The process is often, however, submarine, or subterranean, ta- 
king place in buried sediments which are mingled with carbon- 
ates of lime and magnesia. In such cases the silicate of soda set 
free, reacts cither with these earthy carbonates, or with the cor- 
responding chlorids of the sea water, and forms in either event 
a soluble soda salt, and an insoluble silicate of lime and maepe- 
sia, which takes the place of the removed silicate of soda. The 
evidence of such a continued reaction between alkaliferous sili- 
cates and earthy carbonates is seen in the large amounts of car- 
bonate of soda, with but little silica, which infiltrating waters 
constantly remove from argillaceous strata ; thus giving rise to 
alkaline springs, and to natron lakes. In these waters it will be 
found that soda greatly predominates, sometimes almost to the 
exclusion of potash. This is due not only to the fact that soda 
feldspars are more readily decomposed than orthoclase, but to the 
well known power of argillaceous sediments to abstract from wa- 
ter the potash salts which it already holds in solution. Thus^ 
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rben a solution of silicate, carbonate, sulphate, or chlorid of po- 
issium is filtered through common earth, the potash is taken up, 
nd replaced by lime, magnesia, or soda, bv a double decompo- 
ition between the soluble potash salt and the insoluble silicates 
r carbonates of the latter oases. Soils in like manner remove, 
rom infiltrating waters, ammonia, and phosphoric and silicic 
cids, the bases which were in combination with these being 
onverted into carbonates. The drainage water of soils, like 
hat of most mineral springs, contains only carbonates, chlorids, 
nd sulphates of lime, magnesia and soda — the ammonia, potash, 
phosphoric and silicic acids being retained by the soil. 

The elements which the earth retains or extracts from waters 
re precisely those which are removed from it by growing plants. 
!*hese, by their decomposition under ordinary conditions, yield 
beir mineral matters again to the soil ; but, when decay takes 
lace in water, these elements become dissolved, and hence the 
raters from peat bogs and marshes contain large amounts of 
otash and of silica in solution, which are carried to the sea, 
bere to be separated — the silica by protophytes, and the potash 
y algae, which latter, decaying on the shore, or in the ooze at 
he bottom, restore the alkali to the earth. The conditions un- 
er which the vegetation of the coal formation grew and was 
►reserved, being similar to those of peat, the soils became ex- 
lausted of potash, and are seen in the fire-clays of that period. 

Another effect of vegetation on sediments is due to the reduc- 
ng or deoxydizing agency of the organic matters from its decay, 
^hese, as is well known, reduce the peroxyd of iron to a solu- 
Je protoxyd, and remove it from the soil, to be afterwards de- 
K>sited in the forms of iron ochre and ores, which by subse- 
uent alteration, become hard, crystalline, and insoluble. Thu?, 
hrough the agency of vegetation, the iron-oxyd of the sediments 
} withdrawn from the terrestrial circulation ; and it is evident 
hat the proportion of this element diffused in the more recent 
ediments must be much less than in those of ancient times. The 
educing power of organic matter is further shown in the forma- 
ion of metallic sulphurets; the reduction of sulphates having 
•recipitated in this insoluble form the heavy metals, copper, lead, 
nd zinc, which, with iron, appear to have been in solution in 
he waters of early times, but are now by this means also ab- 
tracted from the circulation, and accumulated in beds and fahl- 
►ands, or by a subsequent process have been redissolved and de- 
osited in veins. All analogies lead us to the conclusion that 
he primeval condition of the metals, and of sulphur, was, like 
liat of carbon, one of oxydation, and that vegetable life has 
•een the sole medium of their reduction. 

The source of the carbonates of lime and magnesia in sediment- 
ry strata is two-fold : first, the decomposition of silicates contain- 

Am. Jour. Sci.— Second Series, Vol. XXX VI, No. 107.— Sept., 1863. 
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ing tbese bases, such as lime (anorthic) feldspar and pyroxene; 
and, secondly, the action of the alkaline carbonate, formed by the 
decomposition of feldspars, upon the chlorids of calciam and mag- 
nesium originally present in sea- water, which have thus, in the 
course of ages, been in great part replaced by chlorid of so- 
dium. The clay or aluminous silicate which has been deprived 
of its alkali is thus a measure of the carbonic acid removed from 
the air of the carbonates of lime and magnesia precepitated, 
and of the amount of chlorid of sodium added to the waters 
of the primeval ocean. 

The coarser sediments, in which quartz and orthoclase pre- 
vail, are readily permeable to infiltrating waters, which grad- 
ually remove from them the soda, lime and magnesia which 
they contain, and, if organic matters intervene, the oxyd of 
iron ; leaving at last little more than silica, alumina and potash; 
the elements of granite, trachyte, gneiss, and mica schist. On 
the other hand, the finer marls and clays, resisting the penetra- 
tion of water, will retain all their soda, lime, magnesia and oxyd 
of iron ; and, containing an excess of alumina with a small 
amount of silica, will, by their metamorphism, give rise to basic 
lime and soda feldspars, and to pyroxene and hornblende— tbe 
elements of diorites and dolerites. In this way, the operation 
of the chemical and mechanical causes which we have traced 
naturally divides all the crystalline silico-aluminons rocks of 
the earth's crust into two types. These correspond to the two 
classes of igneous rocks, distinguished first by Professor Phillips, 
and subsequently by Durocher and by Bunsen, as derived from 
two distinct magmas; which these geologists imagine to exist 
beneath the solid crust, and which the latter denominates the 
trachytic and pyroxenic types. I have, however, elsewhere en- 
deavored to show that all intrusive or exotic rocks are probably 
nothing more than altered and displaced sediments, and have 
thus their source within the lower portions of the stratified crust, 
not beneath it. 

It may be well in this place to make a few observations on 
the chemical conditions of rock metamorphism. I accept in its 
widest sense the view of Hutton and of Boue, that all tne crys- 
talline stratified rocks have been produced by the alteration of 
mechanical and chemical sediments. The conversion of these 
into definite mineral species has been effected in two ways: first, 
by molecular changes, that is to say, by crystallization, and a re- 
arrangement of the particles; and, secondly, by chemical reac- 
tions between the elements of the sediments. Pseudomor 
hism, which is the change of one mineral species into another 
y the introduction, or the elimination, of some element or ele- 
ments, presupposes metamorphism ; since only definite mineral 
species can be the subjects of this process. To confound meta- 
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morphism with pseudomorphism, as Bischofi^ and others after 
him, have done, is therefore an error. It may be further re- 
marked, that, although certain pseudomorphic changes may occur 
in some mineral species, in veins, and near to the surface, the 
alteration of great masses of silicated rocks by such a process ig 
as yet an unproved hypothesis. 

The cases of local metamorphism in proximity to intrusive 
rocks go far to show, in opposition to the views of certain geol- 
dgi^ts, that heat has been one of the necessary conditions of the 
change. The source of this has been generally supposed to be 
from below ; but to the hypothesis of alteration oy ascending 
beat Naumann has objected that the inferior strata in some car 
3es escape change ; and that, in descending, a certain plane limits 
the metamorphism, separating the altered strata above from the 
unaltered ones beneath : there being no apparent transition be- 
iween the two. This, taken in connection with the well-known 
fact that in many cases the intrusion of igneous rocks causes no 
ipparent change in the adjacent unalterea sediments, shows that 
leat and moisture are not the only conditions of metamorphism. 
[n 1857, I showed by experiments, that, in addition to these 
x>nditions, certain chemical reagents might be necessary, and 
;hat water, impregnated with alkaline carbonates and silicates, 
^ould, at a temperature not above |hat of 212^ F., produce 
*.hemical reactions among the elements of many sedimentary 
"ocks, dissolving silica, and generating various silicates.' Some 
nonths subsequently, Daubr^e found that, in the presence of 
dkaline solutions, at temperatures above 700^ F., various sili- 
»ous minerals, such as quartz, feldspar, and pyroxene, could be 
nade to assume a crystalline form ; and that alkaline silicates in 
lolution at this temperature might combine with clay to form 
elspar and mica.' These observations were the complement of 
ny own, and both together showed the agency of heated alka- 
ine waters to be sufficient to effect the metamorphism of sedi- 
nents by the two modes already mentioned — namely, by mole- 
tular changes, and by chemical reactions. Following upon this, 
)aubr^e observed that the thermal alkaline spring of Plom- 
>i6res, with a temperature of 160** F., had, in the course of cen- 
uries, given rise to the formation of zeolites, and other crystal- 
ine silicated minerals, among the bricks and cement of the old 
iloman baths. From this he was led to suppose that the meta- 
Qorphism of great regions might have been effected by hot 

E rings, which, rising along certain lines of dislocation, and 
ence spreading laterally, might produce alteration in strata 

• "Proc Royal Soc. London," May 7, 1857, and «'Phil Mag." (4), xv, 68; alto 
Am. Joar. Science** £2], xxii, 437« and zxv, 486. 

* *' Comptes Rendus de I'Acad/* Nov. 16, 1867; also " Bull. SocOeol. France/ 
I), XT, 103. 
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near the surface, while those beneath would in some cases escape 
change/ This ingenious hypothesis may serve in some cases to 
meet the difficulty pointed out by Naumann; but, while it is 
undoubtedly true in certain instances of local metamorphism, it 
seems to be utterly inadequate to explain the complete and uni- 
versal alteration of areas of sedimentary rocks, emoracing many 
hundred thousands of square miles. On the other hand, the 
study of the origin and distribution of mineral springs shows 
that alkaline waters (whose action in metamorphism I £ts% 
pointed out, and whose efficient agency Daubr^ has since so 
well shown) are confined to certain sedimentary deposits, and 
to definite stratigraphical horizons; above and below which, sa- 
line waters wholly aiffisrent in character are found impregnating 
the strata. This fact seems to offer a simple solution of the dif- 
ficulty advanced by Naumann, and a complete explanation of 
the theory of the metamorphism of deeply buried strata by the 
agency of ascending heat — which is operative in producing 
chemical changes only in those strata in which soluble alkaline 
salts are present.* 

When the sedimentary strata have been rendered crystalline 
by metamorphism, their permeability to water, and their alter- 
aoility, become greatly aiminished ; and it is only when again 
broken down by mechanical agencies, to the condition of soils 
and sediments, that they once more become subject to the chem- 
ical changes which have just been described. Hence, the mean 
composition of the argillaceous sediments of any geological 
epoch, or, in other words, the proportion between the alkalies 
and the alumina, will depend not only upon the age of the for- 
mation, but upon the number of times which its materials have 
been broken up, and the periods during which they have re- 
mained unmetamorphosed and exposed to the action of infiltra- 

* It should be remembered that Dorroal or regional metamorphiftra is in no waj 
dependent upon the pmximity of unstratified or igneous rocks, which are rarelj 
present in metamorphic districts. The ophiolites, aniphibolitea, eupbotides, diorites^ 
and granites of such regions, whicli it has been customary to regard as exotic or in- 
trusive rocks, are in most cases indigenous, and are altered sediments. I have else- 
where shown that the great outbursts of intrus^ive dolerites, diorites and trachytes, in 
southeastern Canada, are found, not among the metamorphic rocks, bat among the 
unaltered strata along their msrgin, or at some distance removed ; and I have eo* 
deavored to explain this by the consideration that the great volume of overlying 
sediuients, which, by retaining the central heat, aided in the alteration of tJM 
strata now exported by denudation, produced a depression of the earth's surface, 
and forced out the still lower and softened strata along the lines of fracture vbidi 
took place in the regions beyond. See mv paper ** On some Points in Americsa 
Geology," American Jour. Science, [2], xxxi, 414. 

• S«'e Report of the Geoloffieal Survey of Canada, 1858-6, pp 479, 480; also 
Canadian Naturalist, vii, 262. For a consideration of the relatioos of mioerd 
waters to geological formations, see General Report on the Otology of Cmada 
(now in press), p. 61 ; also chap, xix, on ** Sedimentary and Metamorphic Rocks,' 
where most of the points touched in the present paper are discusBed at greater 
length. 
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;ing waters. Thus, for example, that portion of the Lower Si- 
urian rocks in Canada which became metamorphosed before the 
3lose of the Paleozoic period will have lost less of its solu- 
3le bases than the portion of the same age which still remains 
n the form of unaltered shales and sandstones. Of these, again, 
such portions as remain undisturbed by folds and dislocations 
¥ill retain a larger portion of bases than those strata in which 
luch disturbances have favored the formation of mineral springs; 
xrhich, even now, are active in removing soluble matters from 
^hese rocks. The crystalline Lower Silurian rocks in Canada 
Tsay be compared with those of the older Laurentian series on 
rhe one hand, and with the Upper Silurian or Devonian on the 
)ther ; but, when these are to be compared with the crystalline 
jtrata of Secondary or Tertiary age in the Alps, it cannot be de- 
«rmined whether the sediments of which tnese were formed 
and which may be supposed, for illustration, to have been di- 
■ectly derived from Paleozoic strata) existed up to the time of 
heir translation, in a condition similar to that of the altered or 
)f the unaltered Lower Silurian rocks of Canada. The propor- 
ion between the alkalies and the alumina in the argillaceous 
lediments of any given formation is not, therefore, in direct re- 
ation to its age, but indicates the extent to which these sedi- 
nents have been subjected to the influences of water, carbonic 
Lcid, and vegetation. If, however, it may be assumed that this 
iction, other things being equal, has, on the whole, been proper- 
ionate to the newness of the formation, it is evident that the 
chemical and minerajogical composition of different systems of 
ocks must vary with their antiquity, and it now remains to find 
n their comparative study a guide to their respective ages. 

It will be evident that silicious deposits, and chemical precip* 
tates, like the carbonates and silicates of lime and magnesia, 
nay exist with similar characters in the geological formations 
>f any age ; not onl v forming beds apart, out mingled with the 
mpermeable silico-aluminous sediments of mechanical origin, 
'nasmuch as the chemical agencies giving rise to these com- 
)ounds were then most active, they may be expected in greatest 
ibundance in the rocks of the earlier periods. In the case of 
he permeable and more highly silicious class of sediments al- 
"eady noticed, whose chief elements are silica, alumina, and alka- 
ies, the deposits of different ages will be marked chiefly by a 
)rogressive diminution in the amount of potash, and the disap- 
>earance of the soda which these contain. In the oldest rocks, 
he proportion of alkali will be nearly or quite suflScient to form 
►rthoclase and albite with the whole of the alumina present ; 
»ut, as the alkali diminishes, a portion of the alumina will crys- 
edlize, on the metamorphism oi the sediments, in the form of a 
otash-mica, muscovite, or margarodite. While the oxygen 
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ratio between the alumina and the alkali in the feldspar just 
named is 8 : 1, it becomes 6 : 1 in margarodite, and 12 : 1 in mua- 
covite. The appearance of these micas in a rock, then, denotes a 
diminution in the amount of alkali, until in some strata the feld- 
spar almost entirely disappears, and the rock becomes a quartz- 
ose mica schist In sediments still farther deprived of alkali, 
metamorphism gives rise to schists filled with crystals of kyanite, 
or andaluaite, simple silicates of alumina, into whose composi- 
tion alkalies do not enter ; or, in case the sediment still retains 
oxyd of iron, staurotide and iron-alumina garnet take their 
places^ The matrix of these minerals is generally a quartzose 
mica schist. The last term in this exhaustive process appears to 
be represented by the disthene and pyrophyllite rocKs, which 
occur in some^regions of crystalline scnists. 

In the second class of sediments, we have alumina in excess, 
with a small proportion of silica, and a deficiency of alkali, be- 
sides a variaole proportion of silicates or carbonates of lime, 
masnesia, and oxyd of iron. The result of the processes al- 
ready described will produce a gradual diminution in the amount 
of alkali, which is chiefly soda. So lon^ as this predominates, 
the metamorphism of these sediments will give rise to feldspars 
like oligoclase, labradorite, or scapolite (a dimetric feldspar) ; but 
in sediments where lime replaces a greM proportion of the soda^ 
there appears a tendency to the production of denser silicates, 
like lime-alumina garnet and epidote, which replace the soda- 
lime feldspars. Minerals like tne chlorites, and chloritoid are 
formed when magnesia and iron replace lime. In all these cases, 
the excess of the silicates of earthy protoxyds over the silicate 
of alumina is represented in the altered strata by hornblende, py- 
roxene, olivine, and similar species ; which give rise by their 
admixture with the double aluminous silicates, to diorite, dole- 
rite, diabase, euphotide, eclogite, and similar compound rocks. 

In eastern North America, the crystalline strata, so far as yet 
studied, may be conveniently classed in five groups, correspond- 
ing to as many different geological series, four of which will be 
considered in the present paper. 

1. The Laurentian system represents the oldest known rocks 
of the globe, and is supposed to be the equivalent of the Prim- 
itive Gneiss formation of Scandinavia, and that of the Western 
Islands of Scotland to which also the name of Laurentian is now 
applied. It has been investigated in Canada along a continuous 
outcrop from the coast of Labrador to Lake Superior, and also 
over a considerable area in Northern New York. 

2. Associated with this system is a series of strata characte^ 
ized by a great development of anorthosites, of which the hy- 
persthenite, or opalescent feldspar-rock of Labrador, may be taken 
as a type. These strata overlie the Laurentian gneiss^ and are 
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regarded as constituting a second and more recent group of crys- 
talline rocks, to which the name of the Labrador series may be 
provisionally given. From evidence recently obtained, Sir 
William Logan conceives it probable that this series is uncon- 
formable with the older Laurentian system, and is separated from 
it by a long interval of time. 

8. In the third place, there is a great series of crystalline schistSi 
which are in Canada referred to the Quebec group, an inferior 
part of the Lower Silurian system. They appear to correspond| 
Doth litholo^cally and stratigraphically, with the Schistose group 
of the Primitive slate formation of Norway, as recognized by 
Naumann and Keilhau, and to be there represented by the strata 
in the vicinity of Drontheim, and those of the Dofrefeld. The Hu- 
ronian series'of Canada in like manner appears to correspond to 
the Quartzose group of the same Primitive Slate formation. It 
consists of sandstones, imperfect varieties of gneiss, diorites, sili- 
cious and feldspathic schists, passing into argillites, with lime- 
stones, and great beds of hematite. Though more recent than 
the Laurentian and Labrador series, these strata are older than 
the Quebec group ; yet, from their position to the westward of 
the greatest accumulation of sediments, they have been subjected 
to a less complete metamorphism than the Paleozoic strata of the 
East The Huronian series is as yet but imperfectly studied, 
and for the present will not be further considered. 

4. In the fourth place are to be noticed the metamorphosed 
strata of Upper Silurian and Devonian age, with which may also 
be included those of the Carboniferous system in eastern New 
England. This group has as yet been imperfectly studied, but 
presents interesting peculiarities. 

In the oldest of these, the Laurentian system, the first class of 
aluminous rocks takes the form of granitoid gneiss, which is 
often coarse grained and porphyritic. Its feldspar is frequently a 
nearly pure potash-orthoclase, but sometimes contains a consid* 
erable proportion of soda. Mica is often almost entirely want- 
ing, ana is never abundant in any large mass of this gneiss, al- 
though small bands of mica schist are occasionally met with. 
Argillites, which, from their general predominance of potash and 
of silica, are related to the first class of sediments, are, so far as 
known, wanting throughout the Laurentian series ; nor is any 
rock here met with, which can be regarded as derived from the 
metamorphism of sediments like the argillites of more modem 
series. Chloritic and chiastolite schists and kyanite are, if not 
altogether wanting, extremely rare in the Laurentian system. 
The aluminous sediments of the second class are, however, repre- 
sented in this system by a diabase made up of dark green py- 
roxene and bluish labradorite, often associated with a red alum- 
ino-ferrous garnet. This latter mineral also sometimes constitutes 
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small beds, often with quartz, and oceasionally with a little pj- 
roxene. These basic aluminous minerals form, however, but an 
insignificant part of the mass of strata. This system is further 
remarkable for the small amount of ferruginous matter diffused 
through the strata, from which the greater part of the iron seems 
to have been removed, and accumulated in the form of immense 
beds of hematite and magnetic iron. Beds of pure crystalline 
plumbago also characterize this series, and are generally found 
with the limestones. These are here developed to an extent un- 
known in more recent formations ; and are associated with beds 
of crystalline apatite, which sometimes attain a thickness of 
several feet. The serpentines of this series, so far as yet studied 
in Canada, are generallv pale colored, and contain an unusual 
amount of water, a small proportion of oxyd of iron, and nei- 
ther chrome nor nickel, both of the latter being almost always 
present in the serpentines of the third series. 

The second, or Labrador series is characterized, as already 
remarked, by the predominance of great beds of anorthosite, 
composed chiefly of triclinic feldspars, which vary in composi- 
tion from anorthite to andesine. These feldspars sometimes form 
mountain masses, almost without any admixture, but at other 
times include portions of pyroxene, the latter passing into hyper- 
sthene. Beds of nearly pure pyroxenite are met with in this 
series, and others which woula be called hvperite and diabase. 
These anorthosite rocks are often compact, but more frequently 
granitoid in structure. They are generally grayish, greenish, 
or bluish in color, and become white on the weathered sur- 
faces. The opalescent labradorite-rock of Labrador is a charac- 
teristic variety of these anorthosites, which often contain small 
portions of red garnet and brown mica, and, more rarely, epidote 
and a little quartz. They are sometimes slightly calcareoua 
Magnetic iron and ilmenite are often disseminated in these rocks, 
and occasionally form masses or beds of considerable size. These 
anorthosites constitute the predominant part of the Labrador 
series, so far as yet examined. They are, however, associated 
with beds of quartzose orthoclase gneiss, which represent the first 
class of aluminous sediments, and with crystalline limestones; 
and they will probably be found, when further studied, to <^er 
a complete lithological series. These rocks have been observed 
in several areas among the Laurentide Mountains, from the coast 
of Labrador to Lake Huron, and are also met with among the 
Laurentian rocks of the Adirondack Mountains; of which, ac- 
cording to Emmons, they form the highest summits. 

In the third series, which we have referred to the Lower Sila- 
rian age, the gneiss is sometimes granitoid, but less markedly so 
than in the first ; and it is much more frequently micaceous, often 
passing into micaceous schist, a common variety of which con- 
tains disseminated a large quantity of chloritoid. Argillites 
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abound, and, nnder the influence of metamorphism, sometimes 
develop crystalline ortboclase. At other times, they are conver- 
ted into a soft micaceous mineral and form a kind of mica-scbist. 
Chiastolite and staurotide are never met with in the schists of 
this aeries, at least in its northern portions, throughout Canada 
and New England. The aoorthosites of the Labrador series are 
represented by flne grained diorites, in which the feldspar varies 
from albite to very basic varieties, which are sometimes associ- 
ated with an aluminous mineral allied to chlorite in composition. 
Ghloritic schists, frequently accompanied by epidote, abound in 
this series. The great predominance of magnesia in the forms 
of dolomite, magnesite, steatite and serpentine, is also character- 
istic of portions of this series. The latter, which forms great 
beds (ophiolites), is marked by the almost constant presence of 
small portions of the oxyds of chrome and nickel. These met- 
als are also common in the other magnesian rocks of the series ; 
green chrome-garnets, and chrome-mica occur; and beds of 
chrome-iron ore are found in the ophiolites of the series. It is 
also the gold-bearing formation of eastern North America, and 
contains large quantities of copper ores in interstratified beds re- 
sembling those of the Permian schists of Mansfeld and Hesse. 
In some parts of this series, pure limestones occur, which contain 
various crystalline minerals common also to the Laurentian lime- 
stones, and to those of the fourth series. The only graphite 
which has been found in the third series is in the form of impure 
plumbaginous shales. 

The metamorphic rocks of the fourth series, as seen in south- 
eastern Canada, are, for the greater part, quartzose and micaceous 
schists, more or less feldspathic; which, in the neighboring States, 
become remarkable for a great development of crystals of stau- 
rotide and of red garnet. A large amount of argillite occurs in 
this series; and, when altered, whether locally by the proximity of 
intrusive rock, or by normal metamorphism, exhibits a micaceous 
mineral and crystals of andalusite : so that it becomes known 
as chiastolite slate in its southern extension. Granitoid gneiss 
is still associated with these crystalline schists. Gold is not 
confined to the third series, but is also met with in veins cutting 
the argillites of Upper Silurian age. The crystalline limestones 
and ophiolites of eastern Massachusetts, which are probably of 
this series, resemble those of the Laurentian system ; and the 
coal beds in that region are, in some parts, changed into graphite. 
It is to be remarked that the metamorphic strata of the third 
and fourth series are contiguous throughout their extent, so far 
as examined, but are everywhere separated from the Laurentian 
and Labrador series by a zone of unaltered Paleozoic rocks. 

Large masses of intrusive granite occur among the crystalline 
strata of the fourth series, but are rare or unknown among the 
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older metamorphic rocks in Canada. The so-called granites of 
the Laurentian and Lower Silurian appear to be in every case 
indigenous rocks ; that is to say, strata altered in situ, and still 
retaining evidences of stratification. The same thing is true 
with regard to the ophiolites and the anorthosites of both series ; 
in all of which the general absence of great masses of unstra^ 
ified rock is especially noticeable. No evidences of the hypoth- 
etical granitic substratum are met with in the Laurentian system, 
although this is, in one district, penetrated by great masses of 
syenite, orthophyre, and dolerite. Granitic veins, with minerals 
containing the rarer elements, such as boron, fluorine, lithium, 
zirconium, and glucinum, are met with alike in the oldest and 
newest gneiss in North America. These, however, I regard as 
having formed, like metalliferous veins, by aqueous deposition 
in fissures in the strata. 

The above observations upon the metamorphic strata of a 
wide region seem to be in conformity with the chemical princi- 
ples already laid down in this paper ; which it remains for geol- 
ogists to apply to the rocks of other regions, and thus determioe 
whether they are susceptible of a general application. I have 
found that the blue crystalline labradorite of the Labrador series 
of Canada is exactly represented by specimens from Scarvig, in 
Skye ; and the ophiolites of lona resemble those of the Lauren- 
tian series in Canada. Many of the rocks of Donegal appear to 
me lithologically identical with those of the Laurentian period; 
while the serpentines of Aghadoey, containing chrome and 
nickel, and the andalusite and kyanite schists of other parts of 
Donegal cannot be distinguished from those which characterize 
the altered Paleozoic strata of Canada. It is to be remarked 
that chrome- and nickel-bearing serpentines are met with in the 
same geological horizon in Canada and Nt>rway ; and that those 
of the Scottish Highlands, which contain the same elements, 
belong to the newer gneiss formation ; which, according to Sir 
Roderick Murchison, would be of similar age. The serpentines 
of Cornwall, the Vosges, Mount Rosa, and many other regions, 
agree in containing chrome and nickel ; which, on the other hand, 
seem to be absent from the serpentines of the primitive gneiss- 
formation of Scandinavia. It remains to be determined how fiur 
chemical and mineralogical differences, such as those which have 
been here indicated, are geological constants. Meanwhile, it is 
greatly to be desired that future chemical and mineralogical in- 
vestigations of crystalline rocks should be made with this ques- 
tion in view ; and that the metamorphic strata of the British 
Isles, and the more modern ones of southern and central Europe^ 
be studied with reference to the important problem which it has 
been my endeavor, in the present paper, to lay before the society. 

Montreal, Canada, Jan. 26, 1863. 
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Abt. XXI. — On the Appaladiiane and Bocky Mountains as Time- 
boundaries in Chological History; by James D. Daka. 

The Appalachian mountains, extending from Labrador to 
Alabama, and the Bocky chain, facing the Pacific from the 
Arctic to the Isthmus of Darien, are the two great mountain 
chains of the North American continent They are the heights 
which determine its features — one constituting the Atlantic 
border-chain, the other, the Pacific, and the two forming the 
limits of the vast interior continental basin. All other lines of 
heights are small in comparison. 

If the elevation of mountains has ever made epochs in geo- 
logical history, or time-boundaries between its ages, we should 
look to the elevation of these chains for the profoundest of all 
divisions in the chronology of the North American continent. 
And, corresponding with this expectation, these two cases of 
mountain-raising stand out as boldly between the grander eras 
of time, as the mountains themselves do geographically between 
the oceans and the continental interior. The three eras, after 
the Azoic, recognized by geologists, are the Paleozoic^ or ancient 
time, the Mesozoic^ or medieval time, and the Cenozoic^ or recent 
time; the first and second having their intervening limit be- 
tween the Carboniferous and Reptilian ages, and the second and 
third, between the Cretaceous period closing the Reptilian age 
and the Tertiary commencing tne age of Mammals.* Now, tne 
elevations of the two mountain chains, referred to, date from the 
limits of these eras. At the first of these limits, or as the clos- 
ing act in Paleozoic history, the rocks of the Appalachian re- 
gion were flexed into numerous folds, in part crystallized, and, 
over a country more than a thousand miles in length, lifted into 
mountain ranges. And at the second, or as the introduction of 
Cenozoic time, the mass of the Rocky Mountains began to rise 
above the ocean. 

•The fact that the formation of the main portion of the Appa- 
lachians took place a/ler the close of the Carboniferous age is 
fixed, beyond all question, as the Professors Rogers and others 
have shown, by the occurrence of the coal-beds of Pennsylvania, 
Rhode Island and Nova Scotia among the uplifted folded rocks. 
The coal-beds are part of the material bent and lifted in the 
grand process of mountain-making, and, of course, must have 
been laid down before the disturoance began. The evidence 
has been abundantly presented elsewhere and need not be here 
repeated. 

' Prof. Agassiz, in a recent paper in the Atlantic Monthly, places the close of the 
Paleoxoic after the Devonian. In the writer's view, the whole bearing of th^ 
■cieoce is againat anj such new arrangemefit of the Geological nges. 
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As the uppermost strata of the coal formation, together with 
the Permian beds, are wanting in Pennsylvania, although oc- 
curring in the Mississippi basin, it is probable, as suggested 
elsewhere by the writer, that the epoch of uplift and disturbance 
liad its commencement even before the Permian period began ; 
and that from this time it continued its progress, reaching its 
climax when the Carboniferous age had closed. 

Again, it is proved, decisively, that the origin of these moun- 
tains preceded the Triassic or earliest period of the Beptilian age 
(or, at least, the closing part of that period) by the position and 
nature of the Triassic or Triassico* Jurassic beds. For they lie in 
valleys or depressions that were made in the formation of the 
Appalachians ; they rest unconformably on rocks that were crys- 
tallized or consolidated in the course of the Appalachian revolu- 
tion ; and they are largely made of debris from these crystalline 
rocks. In addition, the species of fossil plants and of Thecodont 
and Labyrinthodont Beptiles, whose remains or traces occur in 
the beds, indicate that at least the older part of the formation 
is Triassic. 

With regard to the Rocky Mountains, it is so well known 
that the mass of the chain was to a large extent under the sea 
in the Cretaceous period, and has since been raised 5000 to 6000 
feet, and that this elevation commenced before the Tertiary pe- 
riod, or Cenozoic time, opened, that a recital in this place of 
facts bearing on the point is unnecessary. 

The importance of the Appalachian revolution as a time- 
boundary is greatly enhanced by the history of the Paleozoic 
era preceding it. No raising of mountains is known to have 
occurred in North America between the Devonian and Silurian 
ages ; and only some limited uplifts and disturbances between the 
Devonian and Carboniferous. The only elevations of prominent 
importance during these ages, of which we have evidence, oc- 
curred either at the close of the Lower Silurian or earlier. The 
Green Mountains, one portion of the Appalachians, date their 
first emergence, probably, from the close of the Lower Silurial 
With a few small exceptions, therefore, the long era from the 
Azoic to the termination of the Carboniferous age was, com- 
paratively, one of prolonged quiet, in which oscillations of level 
were in progress over continental areas, but no profound and 
extensive disturbances. These oscillations throughout the Pale- 
ozoic, had been, moreover, most profound along the Appalachian 
region, and the formations in progress had increased there to ten 
times the thickness acquired in the interior region — the whole 
directly preparatory for that making of the mountains which 
was to commence when Paleozoic time should draw to a close.* 

' See the writer's article on American Oeoloeical History, this Journal, uS^ 
806,1866. 
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With no great epochs of revolution to fix limits to the Silu- 
rian, and none to give bounds to the Devonian, the heights of 
the Appalachians loom up majestically as a time-boundarj to 
the Paleozoic. 

It is fitting that the raising of one of the two border-chains of 
the continent — the eastern — should thus mark one of the grand- 
est of the transitions in geological history. The transition was as 
abrupt in the life of the continent and globe as in its formations; 
for it was the time when its ancient features were to a great 
extent lost: — when Trilobites^ Cyathophylloid and other old styles 
of corals^ and the Sigtllarioe and Lepidodendiu of the old forests 
came to an end ; when Brachiopods lost their preemiDence among 
Mollusks, and Crinoids among fiadiates, and heterocercal Oanoids 
among Fishes, and the Lycopodium tribe and Calamiies among 
Acrogens. The transition from the Devonian to the Carbon- 
iferous presents no such abrupt change in living tribes. More 
than 70 species of coa/-/>/awte, according to Dawson, have already 
been identified from the Devonian rocks of North America alone 
— including species of Ferns, Calamiies and Lepidodendra among 
Acrogens, and of Sigillarice and Conifers among Gymnosperms ; 
and some of these Devonian species, both of Acrogens ana Gym- 
nosperms, occur also, as this author has observed, among the 
fossil plants of the Carboniferous age. 

The Beptiles of the Carboniferous age are the prominent Me- 
dieval type begun in Paleozoic time ; and these were precursors 
of the age of Keptiles which was to follow, just as the Jurassic 
Mammals were precursors of the succeeding age of Mammals. It 
would be as rignt to throw the Jurassic and Cretaceous periods 
(or half of the Reptilian age) into the Age of Mammals, on ac- 
count of these precursor Mammals, as the Carboniferous age into 
the Beptilian, because of its Beptiles. In all history, human as 
well as geological, each age has its beginning, or the initiation 
of its great characteristic, in the age preceding. 

The second of the two grandest transitions in geological his- 
tory has its appropriate monument in the Bocky Mountains, the 
v?esiem border-chain of the continent. The Bocky-Mountain 
region had been undergoing changes through all previous time, 
like the Appalachian anterior to its elevation; for ridges of 
Azoic origin stand on its slopes or upper plateaus — as the Black 
Hills of Dacotah, and the Laramie range ; and others date their 
origin probably from epochs in the course of the Paleozoic, and 
from that of the Appalachian revolution at its close : — we say 
probably, because the precise ages of the ranges along the chain 
nave not yet been determined. But there is no doubt that the 
mass of the chain, through a large part of its area, commenced 
its rise, as has been stated, just before Cenozoic time began. 
The elevation was not completed at once, but continued in 
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progress, as the investigations of Hayden have shown, through 
much of the Tertiary period. ♦ 

On the eastern border of the continent, only one epoch of pro- 
found disturbance during the progress of Mesozoic time (or the 
Beptilian age) — has been distinguished : namely, that when the 
Triassico-Jurassic formation underwent displacement, and the 
trap ridges and dykes that are associated with it were formed iu 
Nova Scotia, the Connecticut valley, the Palisade region of New 
York and New Jersey, Pennsylvania, Virginia and North Car- 
olina. This subordinate epoch of disturbance divides off the pe- 
riod of these Triassico-Jurassic beds from that of the Cretaceous 
formation. 

At the close of the Mesozoic, there was some elevation of the 
continent on this same eastern border, but it was small in amouDt, 
compared with that on the tuestem* 

The destruction of life closing Mesozoic time was as compre- 
hensive and complete in North America, according to present 
knowledge, as that closing the Paleozoic. Investigation with 
reference to this point has already extended over so wide a re- 
don, that the fact may be regarded as quite well established. 
The exceptions that we have most reason to look for are those 
of oceanic fishes; for these species might have escaped the de- 
stroying agency (whether of climate and change of level, or the 
latter alone) which was in action over the continents and along 
the ocean's shallow borders.* 

It is, then, evident that in North America the tux) boldest tran- 
sitions in the course of the Zoic ages correspond with the raising 
of the mountain chains of the two oceanic borders. Thus time 
and geography are brought into direct parallelism. 

Looking now abroad, we find evidence that the fact> here estab- 
lished as regards North America, has the universality of a fun- 
damental truth or principle. 

The epoch of tne Appalachian revolution was not only a 
grand epoch in American history, but also in European. For 
the greatest disturbances over the continent, and the most ex- 
tensive metamorphic changes, after those which preceded the 
Upper Silurian, appear to date from the time between the Car 
boniferous and Triassic periods, either at the beginning or dose 

* The essential conformabilitv- of the Cretaceous and Tertiary beds along- part of 
the Atlantic and Gulf borders shows that even the mos tabrupt epochal transitiooi 
in geological history are not accompanied everywhere by disturbances of stratificir 
tioti and cases of unconforroabih'ty. It is hence no objection to closing the Carbon* 
Iferous age with the Permian, that the Permian beds and the Triassic in some parti 
of the world are conformable. 

* Dr. J. Leidy has questioned, in conversation with the writer, whether the tcetfc 
of sharks from the American Cretaceous, that are undistinguishable from some of 
the Tertiary teeth, belong to distinct species or not. The point is not easily settled, 
since the teeth in these species often afford unsatisfactory specific chancten. 
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of the Permian period. Marchison remarks, concerning the 
epoch following the Carboniferous, that it was then " that the 
coal-strata and their antecedent formations were very generally 
broken up, and thrown by grand upheavals into separate basins, 
which were fractured by numberless powerful dislocations." The 
formation of the main part of the Ural chain — the mountains 
on the eastern border of Europe (dividing the Orient into its 
eastern and western portion) — has been referred to this time. 

Again, the epoch of the elevation of the Bocky Mountains 
was similarly eminent in European history. From the Triassic 
onward to the middle or later Cretaceous, there had been in Eu- 
rope only oscillations of level, and relatively small uplifts or dis- 
turbances. The elevation of the range of the C6te d'Or and 
C^vennes in France, and of the Erzgebirge in Saxon v, all north- 
easterly in course, has been referred to the interval between the 
Jurassic and Cretaceous periods. But when Mesozoic time was 
drawing to its close, then commenced the elevation of the Alps, 
Appenines and other heights of this western border of the 
Orient (for these mountains belong to the border-region of the 
Orient just as the Rocky Mountains do to that of the Occident, 
and are not as far distant as the latter from the adjoining ocean). 
The raising of these mountains, like that of the mountains of 
western America, was completed in the course of the Tertiary 
period. 

Some of the loftiest ranges of Europe, and also of Asia, were 
lifted to their places after the Eocene had begun — as if the close 
of the Cretaceous period were less important as a mountain- 
making epoch than a later era, and as if Mesozoic time, in order 
to terminate against the grandest mountain elevations, should be 
continued to the middle or later Eocene. But the transition in 
kinds of life which accompanied the transition in time from the 
Cretaceous to the Tertiary shows that the close of the former 
was, in fact, the prominent epoch of physical change over the 
globe, notwithstanding the changes of level which subsequently 
took place. An early step in those changes that were intro- 
ductory to Cenozoic time appears to have been that which, on 
both continents, was attenaed with the most universal effects. 
Mountains, as is now well known, have not been made by single 
heaving of the earth's crust, as waves may be thrown up on the 
ocean, but are results of a slow, long-continued, and often inter- 
mitted, action. And, as the Appalachians were in preparation 
during the Carboniferous age, and probably occupied in their 
formation the Permian period, so the Rocky Mountains, Alps, 
and other heights, while initiated long before, finally com- 
menced their grand movements upward as the Reptilian age was 
terminating, to end them only with the lapse of the Tertiary. 

There are thus two specially prominent periods of mountain- 
making in Europe, as in America, and tney are directly con- 
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nected with the two grand transitions in the life of the world^ 
that of the Paleozoic to the Mesozoic, and that of the Mesozoic 
to the Cenozoic.' 

Asia probably affords similar facts. The two opposing monn- 
tain chains of most prominence are the Altai on the north, and 
the Himalayas on the south. Jurassic rocks occur in the Hima- 
layas, on the northern or Thibet side, to a height of from 14,000 
to 18,000 feet, according to Strachey, and extend probably 
through a length of 400 miles. The elevation of the moantaina, 
according to this author, must have taken place in mass, and 
subsequently to the Jurassic period. The absence of Cretaceooa 
rocks appears to indicate that some slight emergence, at least, 
existed auring the Cretaceous period. With regard to the ex- 
act time of the main part of the elevation, the evidence is not 
yet satisfactory. It is, however, certain that the western por- 
tion, in which Cashraeer lies, was still 15,000 feet below its pres- 
ent level in the early Eocene ; and the elevation, whenever com- 
menced, was completed throughout the chain, like that of the 
Alps and Appenines, only after the Tertiary period had begun. 
Thus the progress was gradual ; and it coverea the same part of 

feological time as that of the loftier mountains of America and 
lurope. As above remarked, the great transition in the life of 
the globe which took place at the close of the Cretaceous, shows 
that, notwithstanding this prolonging of the era of elevation, 
there was a crista in the movement, climate and otherwise, at the 
close of Mesozoic time. The great physical changes in progress 
then made their profoundest mark on tW world's history. 

In South America, there is proof, as Darwin has shown, that 
the Andes were, to a large extent, raised from the ocean after the 
close of the Mesozoic. The elevation was not completed at once, 
any more than that of the Rocky Mountains or Alps, but con- 
tinued afterwards to increase at intervals, while undergoing os- 
cillations, during the subsequent Tertiary period.* The Rocky 
Mountains and Andes were one, apparently, in time of origin, 
as they are one in position along the American continent. 

Is it not then probable, that over all the continents the making 
of the border-mountains — the chains which give the land its 
dominant features, or rather which are its features— corresponds 
as in America, with the two grandest epochs in the geological 
past, or, in other words, gives bounds to Paleozoic and Meso- 
zoic time? 

* The only other epoch or epochs of li^e eminence indicated in the North Ameri- 
can rooks pertain to Azoic time : at its close, and perhaps at distant epochs preced- 
ing, there were mounuins made and sedimentary strata thousands of f«set in tbidc- 
ness folded and crystallized, the latter on a scale not afterwards equalled unless it 
the close of the Paleozoic or Mesozoic eras. 

* See, on the extensive distribution of Cretaceous or Cretaceo-oolitic beds in tht 
Andes, and on the elevation uf these Mountains, Darwin *'on South America," pp^ 
288, 289, and elsewhere ; also D. Forbes, Q. J. Geol. Soc. 1861, p. 7. 
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The uplifting of these mountain reeions was produced, as the 
writer has illustrated elsewhere, by lateral movements in the 
earth's crust, and mainly in those parts of it that make the bed 
of the ocean. And as the Atlantic bed stretches from America 
to Europe, and the Pacific, fix>m America to Asia, there is no 
violence to reason in supposing that the profound movements 
which originated the lofty border-chains of one continent should 
have acted simultaneously (although it may have been very un- 
equally) at the two sides of the oceanic basins, and thus have 
produced tvorldUtmde results. K so, we have a universal cause for 
simultaneous universal effects. There is evidence that in the 
case of some of the minor oscillations there were synchronous 
parallel movements in the North American and European con- 
tinents ; — as in the formation of marine limestones aliKe on the 
two continents in the Subcarboniferous period ; in the accumu* 
lation of the strata of Millstone grit or coarse sandstone over 
these limestones ; in the slight emergence of the continents and 
their oscillations below and above the sea-level, during the Car- 
boniferous period, resulting in successive great marshes for coal- 
making vegetation; and, ajgain, in the simultaneous northern 
change of level of the Qlacial epoch. If distant lands, as these 
ezamj^les prove, moved in sympathy during some of the inferior 
vibrations of the crust, surely we may look for synchronous ac- 
tion during the raising of the greatest of its mountains. The 
earth has moved as a unit in all its grander steps of progress. 

In view of such facts it is nothing suprising or improbable 
that the subdivison of time into Paleozoic, Mesozoic and Ceno- 
Boic should be registered in the strongest lineaments of the 
earth's sur&ce. 



Abt. y^TT. — On the Homologies of the Insedean and Oruetaoean 

Types ; by James D. Dana. 

In a note to the article on cephalization, at page 6 of this 
volume, a brief statement is made by the writer on the relations 
between the structures of Insects and Crustaceans. The follow- 
ing diagram and explanations will make the subject more intel- 
ligible. 
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The diagram presents to the eye the succession of normal seg- 
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ments in the two types, that of the Insect or highest Insectean, 
and that of the Decapod or highest Crustacean (inclading Crabs, 
Lobsters, &o.). The spaces between the vertical lines stand for 
the segments, which are numbered from 1 to 21. C stands for 
the cephalic portion or head ; T, for the thorax ; A, for the ab- 
domen ; C-T, for the cephalothorax. 

The number of normal segments in a Crustacean has been so 
clearly and conclusively demonstrated by Milne Edwards, that it 
is unnecessary to add here to what has already been said on the 
subject The series and its subdivisions are illustrated in the 
line above, opposite Crustacean : fourteen segments are shown 
to belong to the cephalothorax and seven to the abdomen. It is 
established beyond all doubt, that each segment corresponds to 
a single pair of members, as follows: number 1, to the eyes; 
2, 8, to the two pairs of antennsB ; then, in the Decapod^ 4, 5, 6, 7, 
8, 9, to organs of the mouth (or mandibles, maxillsB and maxilli- 
peds); 10, 11, 12, 13, 14, to feet; and 16 to 21, to the abdomen.* 

The abdominal members in all Decapods which have them, 
and four or more posterior pairs of thoracic members or feet 
in degradational forms of Decapods (as in Gastrurans or the 
Scjuilla group, and in Schizopods), are two^jranched^ or have two 
jomted terminations proceeding from the second segment: aud 
this is the nearest approach in Decapods to that duplication of 
the pairs of legs to each segment which occurs in the luli and 
some other related Myriapods." 

As the true normal limit of the head in an animal is deter- 
mined by the fact that this part includes the senses, mouth, and 
mouth appendages, (for this is demonstrated by the principles of 
cephalization already explained, if not established on other 
grounds,) the head in the Decapod includes nine segments, and 
the thorax^ five^ although there is no constriction of the body lo 
make the division obvious to the eye. 

The relation of the Insect-type to the Decapod is at once ap- 
parent from a comparison of the two lines in the preceding dia- 
gram. Supposing the parallelism rightly presented, the following 
facts are to be noted. 

1. The Insect-type wants the 8 posterior segments of the 
Crustacean. 

2. The head and thorax together of the Insect-type have the 
same number of segments (nine) as the head alone of the De- 
capod. 

8. The head and thorax of the Insect-type contain half of its 

* In the Tetradecapod, 4, 6, 6, 7» pertain to organs of the mouth, and S, 9, 10, 11, 
12. 18, U, to feet 

* The writer has suspected that the multiplication of segments in the Phjllopodi 
might be due to the basal part of each pair of feet becoming a separate body-sa^ 
ment, and that the branches corresponded to the double feet of the luli ; but as the 
members in these muUiplicatiye types appear often (if not always) to Imre the fiill 
number of basal joints, this view does not appear to be teoaUe. 
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total number of segments (eighteen) ; the same of the Decapod- 
type contains two-Mrds of its total (twenty-one). 

4. The head of an Insect contains six segments, which is one- 
third of the total in the Insect-type ; that of a Decapod, nine 
segments, or three-seventlis of the total in the Crustacean type. 
[The head of a Tetradecapod, it may be added, contains seven, 
or one-third the total.] 

6. The visceral segments (or those containing the viscera 
connected with digestion) are the 10th, 11th, 12th, 13th, 14th, 
in both the Insect-type and the Decapod-type. But in the In- 
sect, the 10th is the nrst behind the thorax; and in the Crusta- 
cean, it is the first behind the head (or the mouth-organs.)' The 
last 2 or 8 normal segments in Insects (that is the 16th, 17th and 
18lh) are frequently wanting. 

In the above homological comparisons, it is assumed that the 
three anterior normal segments present in a Crustacean are nor- 
mally and potentially present in an Insect. This will be consid- 
ered by many as the doubtful point in the above comparisons. 
But it is proved to be correct by the fact that these tnree seg- 
ments are sense-bearing segments in Crustaceans, and the Insect 
fails in no sense belonging to the Crab. As stated on page 2 
of this volume, the absence of a jointed organ is no proof of the 
absence of the segments, unless it be true, also, that the corres- 
ponding sense is wanting. 

If the constitution of the anterior part of the head in the In- 
sect be still questioned, there is nevertheless good reason for 
making the mandibular segment in the Articulate type — as it 
adjoins the centre in embryonic development from which progress 
goes on forward and backward — normally identical in all groups 
under that type ; and, hence, from this segment, or No. 4 in the 
Crustacean series, on to No. 18, the parallelism between the 
Insect and Crustacean must be rightly given; consequently, if 
there is any doubt, it holds only with regard to Nos. 1, 2 and 8. 
The law of unity of structure under a type seems, however, to 
preclude even this chance for doubt 

Comparing the higher Decapods among Crustaceans and the 
higher Insects, the mean size or mass is about as 50 to 1. This 
ratio indicates approximately the amount of condensation in the 
Articulate structure connected with the elevation of grade from 
the typical Crustacean to the typical Insectean. 

' Only in a degradational group of Decapods, that of the Gastrurans, do the via- 
cera reach into the abdominal segments, or those following the 14th. The abdomen 
ifl Tery much elongated in these species, the cephalothoracic portion of the body is 
comparatively small, and the whole structure is lax and low in grade. The species 
thos stand apart from the Macrurans, as a scparAte tribe, equivalent with those of 
Brachyurans and Macrurans ; while the Schizopods are only desjradational Macrurans. 
See thi» Journal, [2], xxv, 338. In the fact that the viscera of the Squilloids or 
Gastrurans are contained in the abdominal portion of the animal, this group ap- 
pears to approach the order of Insects. But this seeming approximation comes, at 
observed, through degradation, and is analogous to that between a Limulus and an 
Insect, as explained on page 6 of this volume. 
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to the figares which he misinterprets. The only question (in 
this connection) that cfin be of any interest to men of science is 
this. — Is there in nature a genus of fossil Brachiopods having the 
general structure assigned to OentroneUa by me in 1864 7 The dis- 
coveries of Pro£ Winchell, Dr. Bonlinger and myself prove very 
clearly that there is, and I think I have a right to point out that 
Prof. Hall's recently published observations have added nothing 
but words to these discoveries. 

I shall now offer a few remarks on die genus OryptaneUa. This 
genus was first published by Prof. Hall in 1861, at which time, 
It was said to be founded on the species previouslv described by 
him under the names of Terebratula Linckhmi, T. lens^ T. recti* 
rostra and T, planirostra. Another species was said to be known 
to him, but it was not named, figured nor described. His de- 
flcription was confined almost altogether to the external chanus- 
ters. The muscular impressions were mentioned, but these giv^ 
no clue to the structure of the internal organs (such as spires or 
loops). The substance of the description may be thus expressed. 

Genus Cryptonella, EalL — Generic Characters. — Shells, 
having the general form of lirebratula. Internal organs un- 
known. 

I think this genus must stand or fall upon the structure of the 
internal organs of the species above mentioned, upon which it 
was originally founded by the author. Should it turn out that 
in their organization they possess nothing generically new, then, 
the name Vryptonella must become obsolete. It cannot be pre- 
served by shifting it to another genus. 

It will be observed that the new edition of the genus in Pro£ 
Hairs paper (p. 401) is in fact founded on the loop of Omtrondla 
Julia. We have no evidence that this species is congeneric with 
those which were made the typical forms in 1861. There is no 
connection yet shown between the GrypUmella of 1861 and the 
Cryptonella of 1863. 

I repeat that the genus Cryptonella can be sustained only hj 
showing that the internal organs of the species upon which it 
was originally founded are different from those of all previously 
established genera. As these organs have never been seen, |Jl 
that is known of the genus is expressed in the short description 
which I have given above in two lines. I do not say that it is 
not a new ^nus, but only, that we have as yet no published 
proof that it ia 

The question whether C. Julia belongs to the genus Oentrth 
nella is one of some importance, as its solution depends upon 
certain principles of classification much discussed of late. That 
our genera are founded on the modifications of the ultimate parts 
of animals, there can be no doubt ; but how great an amount of * 
modification is required to c6nstitute a generic character is a 
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matter of opinion. I have reason to believe that the internal 
organs of the fossil Brachiopoda are much more variable than is 
generally supposed. Some of these variations I shall mention 
presently. I shall first make some remarks on the punctate 
structure of the shell. Prof. Hall says (p. 897) that this charac* 
ter afforded him the principal means of distinguishing the typ- 
ical species of Oryptonella, (as described in 1861) from Meriateua 
Haskinsi, M, Barrisii and M, Darts, afterwards placed by me in 
Charumella. Now this statement astonished me not a little, as it 
was on account of his having described the shell of if. Haskmsi 
and M. Doris as being punctate that I was led to rejgard these 
two species as congenenc with T. Idnckhxni^ T. lens, T. planiros' 
tra and T. rectirostra.* And when afterwards he figured the 
muscular impressions of C. eximia, I concluded that all of the 
species belonged to Charionella. I do not now think the puno* 
tete structure of the shell a good guide in classification, as it is a 
character which pervades the Brachiopoda widely and irregu- 
larly, without regard to the affinities of the groups of species in 
which it occurs. 

The grounds upon which C. Julia is said to be separable gen- 
erically from C. glans-fagea are the following. 

1. The species of OentroneUa heretofore described have the 
" ventral valve highly convex or subangular in the middle, with 
the dorsal valve flattened or concave in the middle, or with a 
median depression, and convex at the sides." (Prof. Hall, p. 402.) 
In C, Julia both valves have a "regular lens-like convexity." 
In answer to this I have only to state that in almost all genera 
of Brachiopoda, where the species are numerous, similar difier- 
ences in the form occur. Let us refer to Waldheimia the genus 
which seems to be nearest to OentroneUa. W. resupinata has al- 
most exactly the form of C. glans-fagea, W. carinala has the 
form of C. Hecate. W. numismalis has the form of 0. Julia. 
W. Waltoni, W. lagenalis, W. ornitfiocephala and W. Celtica are 
examples of elongate ovate forms like the typical species of 
Prof. Hall's genus GryptoneUa. In Terebraiula proper, numerous 
examples of similar and even greater differences might be cited. 
.2. The hinge, socket, and dental plates are also liable to small 
variations in structure in different species of the same genus. 
Thus, most species of Orthis have a well developed divaricator 
process in the dorsal valve. But in 0. Electra and 0. TriUmia 
there is not a vestige of this organ to be seen, the umbo being 
simply hollowed out into a triangular cavity, to the bottom of 
which the muscles for opening the valve were no doubt attached. 
In 0. porambanites, this process appears in a rudimentary form, 

* See the 13th Regenii Report^ where, on p. 84, M, ffaakinsi is described as bar- 
ing the ** Interior tubttance of the shell Jibrout, toith an exterior covering iohieh ap* 
pears to be punctate** and on p. 86, M, Doris as baying the ** shell-strueture punctate.** 
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being represented by a narrow thread-like ridge. In others, it 
is larger, and, in many, strongly developed. In Leptcena eoniida 
and Z. decipiens, there is no divaricator process. In Strophomena^ 
all the Lower Silurian species have a wide foramen ; in the Mid- 
dle and Upper Silurian rocks, species make their appearance 
with a muon narrower aperture, and, in the Devonian, we find 
many with this opening reduced to a mere line, and some with 
it obsolete altogether. In this same series, we find also a gnul- 
nal increase in the extent to which the area is striated ; it being 
smooth in the Lower Silurian, partly striated in ^e Middle and 
Upper Silurian, and, in the Devonian, sometimes, as in & demiaea^ 
ornamented the whole length with transverse lines. 

We have here a gradual transition from & ataemaia to S.de- 
missa^ in which two species the characters of the hinge and area 
are so different that they have been placed in different genera.* 
Orthisina Vemeuilii has large dental plates, but 0. festmcUa non« 
at all. Spirifera Mosquensie has these plates extending more 
than half the length of the valve, but S. mucronaia is desti- 
tute of them. Almost precisely the same differences exist be- 
tween the internal characters of Terdraixda viirea and T. dongaia 
as those relied upon for the separation of (7. Julia from (7. gloaa- 
fagea. fThus (as described by Davidson), in T. eUmgata thero 
are " voeU-defined dental or roatral plates, leaving sliis m the beak tf 
tke castsJ'^ Compare Pro! HalFs figure 4 of C. JuUa on page 400, 
and his remarks on page 899, of his paper.] 

[In T. viirea^ Davidson says, '^ No prominent rostral plates, onlij 
a simple thickening of the shM, at the dental projections, which leave 
no slits in the beak of internal casts,^^ Compare Prof. Hall's re- 
marks and figures (p. 408), C, glans-fageaJ] 

Mr. Davidson does not consider this character of generic ixn* 
portance (see his British Permian Brachiopoda, p. 7, and the Oar- 
ooniferous Brachiopoda, p. 11). 

I. think, therefore, that Prof. Winchell has rightly placed G 
Julia in the genus GentroneUa, and that Prof. Hall's endeavors to 
separate it from that genus and make it the foundation of his 
OryptoneUa will not be successful. 

* There is one species, 8. rhomboidalU in the Deyonian and OarbcmiferoiM roebi 
which retains the wide foramen and non*striated area of 8, altemaia. But fefaii ■ 
a true Lower Silurian form, which appears to have sprung from the atock of S, 
alternaia, and lived on through the Middle Silurian, Upper Siluriaa. and Deyooian 
without change. It may be regarded as a remarkable instance of Darwin's theoiy 
of divei^Dce. In the Lower Silurian period this species had namerons cksslf 
allied congeners. But during the interTal to the De?onian the genus m a whob 
became gradually changed, 8. rhomboidalit alone retaining the original aspect. In 
this comparison, all the species of 8treptorhynchu$ are of coone excepted. 

Montreal, Canada, July, 1868. 
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Abt. XXIV. — On (he Explosive Farce af Ounpawder; by Pro£ 

F. A. P. Barnard. 

Authorities very widely diflfer as to the degree of strain to 
which heavy guns are subjected in experimental or in service 
firing; and still more widely in their estimate of the expansive 
force which gunpowder would be capable of exerting, could it 
be exploded m a space incapable of enlargement, which it ex- 
actly fills. The mi^nitude of the difiTerences may be illustrated 
by the following examples. 

In the work published in 1742 by Benjamin Robins, entitled 
"New Principles of Gunnery," the absolute expansive force of 
gunpowder exploded within its own bulk, is set down at one 
^ousand atmospheres. This estimate was founded on certain 
experiments which mav briefly be described as follows : First, 
by actually collecting the gases generated by the combustion of 
a given weight of powder, Mr. Kobins inferred that these gases, 
reduced to Uie actual temperature previous to explosion, exceed, 
under the ordinary atmospheric pressure, the bulk of the pow- 
der by which they are produced in the ratio of 244 to 1. In 
order to ascertain the efi^t upon elasticity produced by the heat 
of combustion, he drew out a portion of a musket barrel into a 
conical form, leaving an orifice at that end of only one-eighth 
of an inch. The other end being closed, he subjected the appa* 
ratus to the highest heat of a furnace, and then immersed the 
conical end (which he first stopped with an iron plug) in water. 
After the tube had sufficiently cooled, he removed the plug and 
allowed the water to enter. The amount of the fluid found in 
the tube after the complete restoration of the original tempera- 
ture, compared with the entire capacity of the tube itself, fur- 
nished the data for computing the expansion which the air had 
undergone in the furnace. The relative volumes of the air in 
the tube before and after expansion, when reduced to a common 
temperature, were determined, by a series of experiments of this 
kina, to be as 796 to 194|^. Combining the aata, Mr. Robins 
computed the maximum possible elasticity of the gases generated 
in the firing of gunpowaer, at 999^ atmospheres; or, in round 
numbers, at 1000. It is here assumed that the heat of burning 
gunpowder is no greater than that of an ordinary furnace. 

At a later period this subject was investigated by Gay Lussac. 
According to his determination, the bulk of the gases generated 
in the combustion exceeds the original bulk of the powder, in 
the ratio of 450 to 1. He estimates the temperature of combus- 
tion at 1000® C. ; and computes the resulting elastic pressure at 
more than 2100 atmospheres. 

Am. Joub. Sci.— Second Skribs, Vol. XXXVI, No. 107.— Sept., 1863. 
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Dr. Hutton, relying upon the approximate correctness of a 
formula which he had constructed for computing the velocities 
of projectiles fired from a gun, and taking as data the velocities 
actually observed, as ascertained by Bobins' pendulum, con- 
cluded the maximum pressure to be somewhere between 1700 
and 2300, thus substantially agreeing with Gay Lussac. The 
results of Dr. Gregory are not materi^ly different from this, the 
maximum pressure being put by him at 2260. 

In the year 1797, Count Bumford communicated to the Boyal 
Society of London the results of an elaborate series of experi- 
ments upon the force of gunpowder, in which the estimates of 
pressure had been deduced among other methods from the ob- 
served effect of small charges of powder in lifting heavy weights. 
He puts the greatest force actually observed at about 56,000 at- 
mospheres ; but, as the charges filled but a portion of the cavity 
beneath the weight, he infers that the maximum pressure in a 
space entirely filled with the powder ought to be as high as 
101,000 atmospheres. 

The processes and results of Bumford are criticised by Piobert 
{Traiii d^Artillerie, Paris, 1847), who regards them as unsatisfiu^ 
tory. According to his own determination, the maximum pres- 
sure should be about 7500 atmospheres. 

Dr. Young, in his lectures on natural philosophy, quotes 
Euler, Lombard and D. Bernoulli, as giving for the same pres- 
sure the value of 10,000 atmospheres. He himself seems to 
favor a higher estimate, between 80,000 and 50,000 atmospheres. 

In NichoVs Cyclopedia of the Physical Sciences, under the article 
"Gunnery," we find this statement: "Various experiments 
indicate the expansive force [of gunpowder] to be between 
26,000 and 32,000 atmospheres." No authorities are cited. 

In vol. xxii, 2nd Series of this Journal, is contained an article 
on the " Pressure of Fired Gunpowder," by W. E. Woodbridge^ 
M.D., in which are detailed the results of some interesting ex- 
periments made by the writer, in connection with Maj. Mordecu, 
U. S. A., at the Washington Navy Yard, upon the pressure which 
guns actually endure in firing round shot. These experimcDts 
are deserving of study and will be examined hereafter ; but they 
are not to the point immediately before us. Mr. Woodbridge 
however states that he exploded twenty grains of rifle powder 
in a cast-steel cylinder capable of enduring a pressure of 6200 
atmospheres at the maximum — the powder entirely filling the 
cylinder, and the explosion being eflected without escape of gas 
— without bursting tne cylinder. 

Mr. Woodbridge also quotes Gen. Antoni, of the Sardinitn 
army, as authority for the statement that fine military powder 
fired in a cylinder of half an inch diameter and height, with bo 
opening but the vent through which it is fired, exerts a pressora 
of 1400 to 1900 atmospheres. 
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In the Encyclopedia Briiannisa. last edztion, anicie GuD-p'jv- 
der, Mr. Tomlinsozu assaming liihi Uie giia&oas yr^jawstt oi uh; 
combastioD of gunpowder are oarbi^Lic oxjd. K-.;'Lurjufc a'jjd 
and nitrooreii exclusiveiv. c:«z.m::« a iiieoreiii tri-Lr^inei:! of 
Yolume as 1:767 3. AsssiL.:i:g zlTmL^t inbi i:h: ti^vt^i-jL of 
temperature is such as i:> irezut ii^ T:>.:Lni&. id: zzujat ^ut nifcZr 
mum pressure 2350 aininsi'iij^-tjs. 

The int<rresi:i.e h^iK'm 'J, '^irji. i'^-JiLi-i. rr#'jL tlm^jui far 



heavv guns, a:id ujo- iiit i:iiJ. "-it* 'j: 'j4-i.:i-.'i-:»'- v '^*;r :.•-•. .-r.ii'su 
iu 1&61 bv aaiLor:rT o: iiit Se'jrt^-L'T _•: "^Vj.: -c t-jt V".:v;S 
States, contain si^icii:ier.i£ lif *r:»sr_::i*:Lit .i. vi.rji :r.'v -j*^ vafc 
actuallv exi^:»3ed ::. a iiitl vuci :: t;:^-.^! iiic lu'si "»u'. v li'jl 
it eat ire: V r-.e^ aii- :•: iiit ::»rj5: ar-'-i^ 7 :«*^»:.:^:»»5- i:iiu*rr '.:Hst 
circumstances. Ii. iLe»t ti^'j^JZ^SLr^ iiftr* ▼ a* li 'jr L'a 'jii*k 
tenia of an :rj:':. :i. i.i.ai*fi*:r •-Lr:>*ji'i -vi.i'ji iir: :•- v '.*»r vaik 
fired, and inri'^i ¥\liii i>t in£&<« i^jgL: •-•: 'x-i'v: tij '.«•*: •»• nsa 
rapidlv eac&i^ Tnt :_-r>i:s: ysi'^^. r^r:»r.^^: * * "-i*- i-n.Lii?* 
emp'ovei :'-• int y^^Z'Jst 'ji'i-ir^e: :•- -u^r. iiv.::.t.: : u.«;;f 
an J. dtscr/cei iz. ziit ri»r^zixz, via- liS >.#'. Ji* :/*j" b\. .:. — *:•,:,:•»- 

which hr rii^irii'ii 1*;:*. 2«v«::.li .1:1^:1 *-i:ii: .: .i .■• v..- t -:,* 
true press -r=- ' »: 1 t.l'. irr '-"-i^^ujc'. • I -.l ■>■-..'- i-,-. :f»r'i-:'j. 7 
safe ia "^t " iixt -L.iiru-.r ^.:lj- :•' \ii- ::-ii«:'.:-* :-r >-. -t-* .:.'.i 
due to iirr si'H-Misij 'X '-•: r"-i.: v :rtr _i j*r ivi • -^ :»::i*: u. j. 
roani n^^ter=_ i' » • * : u::^-.' 
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4878*6 atmospheres. The objects suocessively aimed at bj 
these investigators were to ascertain, first, by the most rigoroos 
methods of analysis, the nature of the several products resulting 
from the combustion of gunpowder, and their relative quantities; 
secondly, the volume of the gaseous products reduced to 0° C, 
as compared with the original volume of the powder ; thirdly, 
the volume of the fixed products, both at the temperature of 
experiment and at that of combustion ; and finally, the absolute 
amount of heat evolved in the combustion, and (considering the 
capacities for heat of the several substances present, and their 
respective weights) the actual temperature of the whole mass in 
the instant in which the combustion is complete. 

As it appears, in this investigation, that the fixed products 
occupy no inconsiderable portion of the space which the powder 
originally filled, it follows that the conclusions of Robins and 
Gay Lussac, had they been in other respects exact, would have 
materially underrated the maximum theoretic pressure; since 
the gaseous products, in an absolutely closed space, are by so 
much the more compressed as the cavity is practically dimin- 
ished by the presence of the portions which are not gaseous. 

It is impossible to read the article of Messrs. Bunsen and 
Schischkoff, without being strongly inclined to believe that their 
conclusion is as near the truth as it is possible, in an inquiry of 
so difficult a nature, to arrive. At the same time, one cannot 
fail to observe, in reading it, that they have furnished the means 
of testing the correctness of their result, by taking the velocities 
which projectiles of given weight, fired from guns of given 
length and calibre, are observed to have acquired at the moment 
of leaving the gun ; and computing, according to recognized 
principles of physics, the initial pressures which would be neces- 
sary to produce such velocities. 

In making such a computation, one assumption must be made 
(at least in the first instance) which is not true ; and which, in 
so fisir as it is not true, will have the effect to make the computed 
maximum less than the real maximum pressure. This assump- 
tion is, that the powder is completely fired before the projectile 
begins to move. The same assumption was made by Robins and 
by Hutton, and it is implicitly involved in all the velocity formula 
which are found in treatises on artillery or on ballistics, at the 
present time. It being assumed, then, that all the gas which 
the powder is capable of producing is set free before the ball 
begins to move, we require to know, in order to determine the 
velocity it will generate in the projectile, the following particu- 
lars, viz : the original bulk of the gas, its initial temperature^ 
its bulk at the atmospheric temperature and pressure, its capacity 
for heat both at constant pressure and at constant volume, the 
length of the bore of the gun, the part of this length occupied 
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by the cartridge, and the weight of the projectile. All these 
data, except those which relate to the gua and projectile, are 
furnished dj the investigation just cited; and the remainder 
may be deduced or directly taken from any table showing the 
initial velocities obtained by experiment, and the dimensions of 
the guns by means of which they were obtained. 

Without such an investigation, no determination of the prob- 
able maximum pressure of gunpowder which could be deduced 
from the observed velocities otprojectiles thrown by it could 
be entitled to any confidence. Tlie rate of diminishing pressure 
of the mixed gases during expansion depends on the ratio of 
their capacities for heat at constant pressure and at constant 
Tolame: and of this nothing had been previously known. The 
formula of Hutton and the formulae in present use, for calculat- 
ing the initial velocities of cannon balls, are founded on the law 
of Mariotte for the relation of the pressure of a gaseous body 
to its density. This law furnishes a curve of pressures in which 
the ordinates diminish as the bulk increases much less rapidly 
than the real pressures ; and accordingly, for the production of 
a given eflfect, it makes the higher pressures too low, to compen- 
sate for the excess of the lower. 

The United States Ordnance Manual furnishes a variety of 
examples of the initial velocities observed in firing round shot 
from smooth bore guns of difierent calibres. The calculations 
which follow are founded on a selection from these examples. 
In order to obtain a formula suitable for the purpose, we sup- 
pose a to represent the length of the space, measured along the 
Dore, which the liberated gases fill, provided they are entirely 
set free before the shot begins to move ; x, the variable length, 
measured in like manner, which they fill at any time after the 
motion has commenced; F, the initial force by which the shot 
is urged ; v, the velocity acquired, and y the ratio between the 
capacities for heat of the gases as taken at constant pressure and 
at constant volume. This ratio requires to be so often referred 
to, that it seems to be desirable to have some mode of indicating 
it without circumlocution. The term Viermo'dynamic index ap- 
pears to be sufficiently significant, and is believed not to be pre- 
occupied. It is therefore employed in the following discussion 
to denote the ratio in question. The conditions of the problem 
give us immediately the following, which is founded on Poisson's 
well known law for the pressure of expanding gases : 

rfvzuFl - j dt. And we have also dx=zvdt. 

Hence vdv=:Yy-\ dz. And v^z=i — ^ a?i-7-f-C. 

2Fa7 ^ 2Fa 
But when x=.a. v=:0 ; and C=— ~ al-7= -. 
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Whence, finally, 

In order to find the value of F, as compared with gravity, 
put p for the initial pressure of the gases in atmospheres, esti- 
mated at 1472 lbs. per square inch, w , for the weight of the 
shot, S« for its specitic gravity, and b for its diameter in a frac- 
tion of a foot, Wp for the weight of the powder and Sp for its 
speciBc gravity, 62*6 lbs. for the weight of a cubic foot of water, 
g for the force of gravity, represented by a velocity of 82 j^ feet 
per second, c for the calibre of the gun in a fraction of a foot, 
L its length of bore in calibres, I the length of the cartridge, 
and n for the ratio of the weight of the powder to the weight 

of the shot, or w=rrp. Then the pressure per square inch of 

the section through the centre of the shot which gravity would 

W 
produce is equivalent to T77r2T7T~« 

And we have the proportion 

l446*Xi^'^'^ ^ W. 

For W«, substitute its equivalent, viz: 
and we obtain the following: 

U'1^X \^^b2gpXin ^ 

"" 62-563S.X4^ ^ *S,* 

Inasmuch as the whole mass of the powder (or of the pro- 
ducts of its combustion) is moved as well as the ball, it is com- 
mon to make some allowance for this circumstance by conside^ 
ing the weight of the ball to be eflFectively increased by a certain 
fraction of the weight of the charge. The fraction fixed on by 
Hutton as giving the most consistent results was one-third; and 
in this he has been generally followed. If we adopt the same 
value, we must substitute for VV, in the foregoing, W,+-JW^- 

W.+inW.= W,(l+in)=wi^). Whence 

F= 152-616 ; — ^TT-. 

The value of a is a certain fraction (to be presently dete^ 
mined) of the length (0 of the charge. To find I, we have 

Divide this by the value of W, before given, and we have 

Wp cg Xi^X62'5/ Sp _ 8cg/Sp 
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From which we deduce 






The specific gravity of cannon powder, compacted as it is in 
e gun, is 1*089. That of cannon shot is 7. Substituting these 



the 
numbers^ 



/=4-491 — n. 
c2 



And if m represent the fractional part of I occupied by a, we 
obtain 

a=l4*491 -r mn. 

r2 



c 



Substituting then, in the equation for velocity, the value of 
F; and also that of a in the factor without the bracket, there 
will result, 

t;a = 2X162-616X4-491 ^ ^ 



= 8638-27 



6* np arr-1— aT-1 



in which reduction we put y=l'39, as deduced by Messrs. Bunsen 
and SchischkoflF, and employ for m the value •62856, which will 
presently be shown to be just. We have therefore, finally, 

t;=92-4029- * ^ 



j: 



C'\3+n ary-1 
1,2 c^ 3+» a?7-l 



^"*^ ^"-•8638-27 • 6» • n 'irT-l-aT-r 

The increase of the weight of the shot in the foregoing for- 
mula, by one-third of the weight of the powder, first introduced 
by Hutton, and since generally adoptea, is empirical entirely. 
A more just view of the case would be the following. Suppos- 
ing the gases to be wholly hberated before motion oegins, it is 
evident that, during motion, the stratum of gas next the projec- 
tile will be lower in temperature and less in density than the 
stratum next the bottom of the bore; since the expansion of 
the former will be opposed by the inertia of the projectile only, 
and that of the latter by the inertia of both the projectile and 
the charge. Considering, however, that the fire is communi- 
cated next the bottom of the bore, it is evident that the first 
eflFect of expansion will be to throw the powder, of which the 
combustion is yet incomplete, forward against the projectile. 
This eflFect may balance, or more than balance, the former, so 
that there can oe no great error in assuming that the centre of 
CTavity of the charge is always in the middle of its length. 
Before the explosion, the position of the common centre of 
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gravity of the charge and the projectile may be found by the 
proportion, 

h being the distance of the common centre of gravity from the 
centre of the charge. The entire distance of this common cen- 
tre from the bottom of the bore (which distance we will repre- 
sent by a) is therefore 

If, in any stage of the expansion, we represent the length of 
the charge by l\ and the entire distance from the bottom of the 
bore of the common centre, by q\ we shall in like manner obtain 

And the movement of the common centre in the mean time^ 
which is 2'— g, will be 

But Z'=x— a+Z; whence 

If, therefore, we represent by i/ the velocity which will be 
acquired by the common centre, we shall obtain the equation, 

,2_ 2Fa 2+n x^'^-^a^^^ ^ 

^ ""y^'2+2^' x>^ ' 

in which F must have the value, F=50-872 /, .^^xro , because tie 

mass moved is now the entire weight of the powder added to 
that of the projectile. Substituting and reducing as before, there 
results the equation, 

v'2= 2840-09 — . -V- • 7;^' 7:^^ • 

Now the velocities of the common centre and of the projectile 
will be to each other as the spaces simultaneously passed over 
by them ; and the squares of the velocities will be as the squares 
of those spaces. The space passed over by the common centre 
is g''— g'; and that passed over in the same time by the projectile 
is X— a. Hence 

('■-')■ (=(IS)'(-.)0 = ('-»)' -•• ■ "•= %^?'"- 

And w2-:2846-09 -= • th- * ^ . » • \^ . L • sn — 

c^ 1+n 2+2n (2+n)» «^» 

.ae^c^c^^ P^ x^-^-^af"^ 

=:6692-18 — • ;p— • r- . 

c* 2+n «^ * 
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And . = 75-4465* l^.^lliz^. 

Also p ^ TzrrT\ • ri • — ' — • "JT't ^rr* 

^ 5692*18 6* n a?^-i— a^-i 

If the Talue of 1; last found be divided by that obtained pre* 
yiously, the ratio is J^$~ ; which, when the powder is half 

the weight of the shot, is =0*9681 ; showing that the Telocity 
obtained by the method we have just been considering, is not^ 
even with so excessive a charge, three and a half per cent less 
than that deduced from the empirical allowance of one-third the 
weight of the charge to the weight of the projectile. That allow- 
anoe is therefore nearly correct. When n is ptit =0, or the 
weight of the powder disregarded, the two determinations agree, 
as tney ought 

We will now attend for a moment to the method of deducing 
the value of |9, a priori. 

The materials employed in the manufacture of gunpowder, 
are mixed nearly in the proportion of one equivalent of salt- 
petre, one equivalent of sulpnur, and three equivalents of car* 
OOQ. If, in the combustion, the sulphur and potassium be sup- 
poeed to combine, we may assume the results to consist of one 
equivalent of sulpfaid of potassium, one equivalent of free nitro- 
geni and three equivalents of carbonic acid. One gramme of 
powder will thus furnish, at 0® C. of temperature, and 0™™*760 
of pressure, 82*60 c. c. of nitrogen and 248*40 c. c. of carbonic 
acia; in all 880 92 c. c. in volume of gaseous products. Any 
other probable combination of the gaseous elements will not in- 
crease this volume. The investigations of Messrs. Bunsen it 
SchischkofF demonstrate, however, that the sulphid of potassium 
forma but a small portion of the fixed residuum. The sulphur 
is to a great extent oxydized^ and forms sulphate and sulphite 
of potassa, and a portion of the carbonic acid unites with the 
same base. A small portion of the nitrate appears also to be 
tmdecoroposed. One gramme of powder, accordingly^ furnishes 
but 198*1 cubic centimetres of gas. 

The gunpowder employed by these experimenters contained 
an excess of saltpetre above the theoretic proportion, and a de- 
ficiency of carbon. The sulphur was also somewhat deficient 
and there was about three and a half per cent of oxygen ana 
hydrogen nearly in the proportions to form water. The gaseous 
products constituted 0*8188 of the total weight, and the solid 
residuum 0*6804. 

In the gunpowder employed in the American military service, 
the saltpetre is slightly in excess, and also the carbon, the sul- 
phur being in deficiency* It is probable that the results of its 

▲x. JovB. SCL-^KCOHD SsBiXB, VoL. XXXVI, No. 107.--8kpt.^ IQlQ^. 

39 
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oombostion would vary somewliat from those here detailed, hot 
not to such an extent as very materially to affect the calculatioDS 
which follow. 

In the experiments of the Heidelberg inyestigators, the gun- 
powder was burned under the ordinary pressure of the atmo* 
sphere. It may be objected that, in the chamber of a gun, other 
forms of combination of the elements may take place; bat^ 
though this is possible, it is hardly supposable that greater power 
would in such a case be developed. A combustion which snoald 
produce a greater volume of gas would probably be attended 
with a less development of heat ; so that as much as would be ' 

Sined in elastic force by one of these circumstances would be 
St by the other. 

The specific gravity of the fixed residuum at 18^ C. was found 
to be 2'85. By a method of determination devised by the ex- 
perimenters, which is not described but in which they have full 
confidence, the specific gravity at the temperature of combuslion 
is ascertained to be 1*5. The temperature of combustion itself 
was determined by very careful experiment The details of die 
method pursued are interesting, but it is unnecessary to present 
them here. It was found that the heat developed by burning a 
given weight of powder would be sufficient to raise the temper 
ature of an equal weight of water 619^*5 C. The specific heat 
of the mixed products of combustion was found, at constant 
pressure and at constant volume, by multiplying the specificheat 
of each ingredient by the amount per cent of it present, and 
taking the sum of the products. The elevation of temperatoie 
produced by the combustion, on supposition of no enlargement 
of the space occupied by the powaer, is then obviously found 
by dividing 619®'5 C. by the specific heat at constant volume. 
This specific heat being 0'18547, the elevation of temperature is 
equal to 8340° C. 

The specific heat at constant pressure is at the same time 0*20888. 

In order to obtain the thermo-dynamic index of the gaseous 

Sortions of the mixture, the sum of the products formed, as jost 
escribed, by the several capacities at constant pressure of those 
portions, must be divided by the sum of the products similarly 
formed, by the capacities at constant volume. These sums are^ 
respectively, 007672 and 005520. Their quotient is 1-39, whidi 
is tne value of the thermo-dynamic index. 

In order to find the original bulk of the gases, or the magni- 
tude of the space within which they are compressed if liberated 
without expansion, we consider that the bulk of the powder be* | 

W 

fore combustion will be expressed in cubic centimetres by -^i \ 

a cubic centimetre of pure water at maximum density weighng 
one gramme, and Wp being expressed in granunes. In lib 
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maimer, if Wr be the weight of the fixed residaum, expressed 

W 

in grammes, the bulk of the residuum will be -^. The space 

Or 

w w 

occupied by the gases will therefore be -q^ — 5-^ = 0*50872 c c 

As, at 0^ C. and 0»>°'760 of pressure, the same gases occupy 
198*1 c. c per gramme weight of powder, the elastic force d!ue 
to difference of volume onfy would be expressed by 

y^—^ = (tf W,=l gramme) -^ ^:^^ =_- =879.68. 



Sp Sr 1039 1-5 

Thus, the pressure in atmospheres would be 879*58, if there 
were no elevation of temperature produced by the combustion. 

The original bulk of one gramme of powder being 7:777= •96246 

e. Cm and the space ori^nally filled by the gases being 0*50872 
e. c., the relative origiual bulk of gas and powder will be 

*A0878 

^^^.^ =0*52856, which is therefore the numerical value of a in 

the fbr^going formulas, when I is unity. 

The volume of the gases having b^n reduced to zero of tem- 
perature, the effect of au elevation by combustion of 8840^ 0., 
may be computed by assuming the absolute zero at —274^ 0., 
which is the latest determiuatioa as given by Rankine. Putting 
then p for the pressure, we shall have 

1 4- -^77-) = 5006*5 atmospheres. 

This value exceeds that found by the experimenters them- 
aelves by 682*9 atmospheres. The difference is owing almost 
entirely to the difference in the assumed specific gravities of the 
powder: the experimenters having taken this at '964, while wei 
nave employed the value 1*039. When gunpowder is not sha- 
ken down, its specific gravity is always less than 1, and when 
well shaken, is always more than 1. The U. S. Ordnance Man- 
ual (edition of 1850] gives '929 for the specific gravity of loose 
powder, and 1*089 tor that of powder well shaken down. It is 
obvious that, in a gun, we must adopt the higher value. There 
is also a slight difference between tne determinations, owing^to 
a difference in the assumed place of the absolute zero. The 
coefficient of expansion employed by the experimenters is 

S +0-003660; which corresponds to a zero at -273^*225 0. 
dopting their specific gravity with the zero at —274®, the pres- 
sure would be 4864, or about ten atmospheres less than the de- 
termination of the experimenters. 

We are now in condition to apply the formulae above given, 
to the computation of the velocities which the initial pressure 
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JQSt assigped ought to be capable of generating in projectiles of 
given weight, fired with given charges of powder, from guns of 
given calibre and length ; and also the initial pressures whidi 
would be necessary, in similar cases, to produce the velocities 
actually observed. The examples which follow, twenty-five ia 
number, are taken from the U. S. Ordnance Manual, and exhibit 
the results actually obtained in experimental firing at the Wask* 
ington Navy Yard. As the guns used were all smooth-borei, 
and the projectiles round shot, the observed velocity is corrected 
for the loss by windage. The formula for this correction wfaioh 
experiment has suggested, is, 

e 

in which C is the correction, c and h have the values aasi^ed 
them in the foregoing formulae, and A is a constant determined 
by observation, and is usually put =6400 ft. 

The particulars which enter into the calculation for each ibnoi 
of gun are the following : — 



Kindof g«n. 



6 pdr. titfld, 
IS pdr. field, 
18 pdr. riege, 
18 pdr. 26 caL, 
84 pdr. ii*ge, 
88 pdr. sea-ooMt, 



Ualibrt 


WhMlafe 


L'ffthofbora 


» inelMt. 


in incbe*. 


in calibm 


8-67 


0-09 


16-67 


4-68 


010 


16K)0 


4-68 


0-10 


28 88 


468 


010 


26D0 


5-88 


014 


18-66 


6-40 


016 


16-78 



bora WtlflitofpfoiMtilalf^...^ i., 
7 6 16 1*86, 1*60, 



12-8 
18-8 
12 8 
84-26 
88 8 



8*001 

8, 8-6, 8, 4. 

8,8.4. 

8^8,4,6,6,7.1. 

8, 4. 6, a 

4. 6*88, 8, 1067. 



In the table which succeeds, are given the values of i; which 
result from the formula when x is made equal to L^Z+a; that 
is, when it has the value which belongs to it at the moment the 
shot leaves the muzzle. The columns " approximate values of «" 
and " No. of volumes expansion," are introduced for convenient 

comparison. The second consists of the values of - at the mo* 

ment of the expulsion of the shot. These numbers are approxi- 
mate, like the values of n. In the calculation, the exact valaei 
are in all cases employed. The column of pressures containf 
the computed initial pressures which would be necessary to pro* 
duce the velocities corrected for windage. 

The results presented in the following table are certainly wax- 
prising. While anything like a close agreement between com- 
putation and observation was hardlv to be expected, every reason 
for anticipating a discrepancy would indicate that the computed 
velocities should be in excess and not in deficiency ; and the 
computed pressures in deficiency and not in excess. The fo^ 
mula assumes that the gases are fully developed before the shot 
begins to move. In point of fact we know that the combustion 
of cannon powder is far from complete even when the shot 
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K- 


.-tET. 


NikaTToli. 


v.i«iir 


VelocXr 


^'^^ 


■lulCDIIip. 


Dir. cor. 
■ndcomp 


Ml«. 




84 


1«9 


1898 


1S8S 


- 71 


-388 


8880 




£8+ 


UBS 


1720 


1486 


- 98 


-866 




S 




21- 


1741 


ISSB 


1623 


-118 


-878 


8848 






4J)+ 


1870 


1608 


1267 


-113 


-861 


7 £08 






34+ 


1486 


1624 




-iia 


-861 


1008 


*l 




!B- 


IflSG 


1773 




-184 




71174 


7 




ei+ 


1884 


1912 


1680 


-204 


-348 


7329 






1S78 


1618 


1380 






7083 




40+ 


1874 








-807 


7869 


i? 




30 


1908 


i044 


1874 


-!»9 


-370 


7461 




63 




1882 


1887 


-167 


-896 


7687 




U 


174! 


1880 


1618 


-227 


-BB6 


7718 






84- 


1961 


2089 


1888 


-263 


-401 


7613 






87- 


80BS 


2S38 


1B9G 


-873 


-411 


7618 


II 




33 


SS39 


M3T7 


I9S7 


-303 


-440 


7639 


If 




is- 


2300 


2*38 


8O30 


-870 


-408 


7283 


n 




let 


S824 


24«2 


2107 


-817 


-368 


6888 


It 








1894 


1187 


-lis 


-S67 


7668 






00+ 


1440 


1694 


1870 


-170 


-324 


7893 




BB+ 


1723 


1877 


1489 


-834 


-888 


7969 


81 




!S 


1870 


2024 


1668 


-817 


-871 


1611 






80+ 


1271 


1431 


1124 


-147 


-297 


7994 


r. 






14»0 


1680 


1286 


-184 


-814 


7799 


4^ 


30- 


1840 


1790 


1482 


-188 


-308 


7803 


Si 




n 


1780 


1930 


1612 


-138 


-888 


6913 












Mwp of p 


reuurei 


7869 



res the muzzle. A medium sized caanon powder has gruns 
;e-teDths of an inch in diameter — tbe lan^est sized, &om six 
line-tentbe. Piobert gives, as tfae conclusion arrived at after 
tsrj long and elaborate series of experiments on the rapidity 
sombostioD of powder in lumps, that the combustion fulvan- 

at the rate of half an inch per second. His conclusion is, 
reover, positive, that neither beat nor pressure affect to any 
edble degree this rate. A grain of powder O'l^S in diameter 
lid therefore be nearly a third of a second in burning, while 
Iman's experiments prove that the shot of a 42 pdr. with 10 

powder is but little more than five thousandths of a second 
Jie gun after the fire takes the cartridge. We may, also, by a 
y simple process of calculation, show that Rodman's experi- 
atal determination cannot be far from correct. The actually . 
erved velocity with which a round shot leaves a 12 pdr. gun of 
atlibres length, when the charge is Jof the weight of the shot, 
685 ft. The length of the bore is 6 ft., whicn is therefore 
lUt the space through which the pressure acts on the projec- 
. If this pressure were constant, it would expel the ball in 

time which it would take the ball to move ttatlve feet after 



nug the gun — that is to say, in - 



T^T of a second nearly. 
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Bat as the pressures near the muzzle are very &r below the 
mean, those near the breech must be greatly above ; or the time 
must be much less than this calculation gives. Since therefore 
the powder is not bjr any means completely burned — ^not even 
probably on supposition that Piobert's condusions in regard to 
the effect of heat and pressure on rapidity of combustion are 
erroneous — before the elastic force of the developed gases ceases 
to act on the projectile, we have reason to suppose that^ if oar 
determination of maximum theoretic pressure is correct, the 
velocities computed by our formula will be much in excess of 
those obtained in actual experiment 

Again, all the circumstances of the actual experiment of which 
the calculation takes no account are in favor of excess on the 
side of the calculation. The weight of the sabot, the envelopes 
of the cartridge, the large amount of heat absorbed by the metal 
of the gun, the resistance of the air, &c. — all these particulars, 
if allowed for, would reduce the computed velocity. It is evi- 
dent that there is error somewhere — either in the determinatioa 
of the volume of gas, or in that of the heat developed, or in the 
assumption that the relation of elasticity to volume is the same 
under all pressures. What is known of carbonic acid, however, 
under high condensation at ordinary or at low temperatures, does 
not encourage the belief that its elasticity can, under any ci^ 
cumstances, increase more rapidly than in the inverse ratio d 
its bulk ^temperature remaining constant), but makes it nearly 
certain tnat any change which should occur in this respect 
would be in the opposite direction. 

There is one particular in which it is probable that our fa^ 
mula ought to be corrected. We have employed the thermo- 
dynamic index of the expanding gases, 1*39, as determined by 
the Heidelberg experimenters and by ourselves. In doing this, 
we have disregarded the fact that .the fixed products of combus- 
tion, which have, originally, the same high temperature as the 
gaseous, are intimately mingled with the gases, in a state of 
minute division — that is, in the form of smoke. A true thermo- 
dynamic index for the time being must take account of the capa- 
cities for heat of the entire mixture ; and will therefore be the 
quotient of the joint capacity at constant pressure, which is 
0*20698, by the joint capacity at constant volume 0-18647. This 
quotient is 1*116 nearly. By substituting this value for ^ instead 
of the former, we obtain results in which the differences are gear 
erally in the right direction, though by no means so great as we 
(should be led to anticipate. These results are exhibited in the 
following table. 

The mean of the computed pressures, in this table, is some- 
what below the assumed pressure : — that is to say, the difference 
is in the right direction, but it is not a sufficient difference. It 
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». 


JTS^. 


Kcoftnti 


^'a 


V.looilJ 




..iMilJ. 


mil. ^^. 






Si 


1439 


1B96 


1887 


248 




4488 


1 


28+ 


1663 


1730 


17M0 






4631 


s 

4 




ei- 


1711 


169S 


1B64 


218 


66 


4722 




4B+ 


1370 


1608 


1663 


198 




4669 


b 
A 




H41- 
19- 


1486 
1635 


16Z4 

1773 


1SS9 


2US 
168 


66 
20 


4B2» 
4896 


7 




21+ 


1834 


1372 


lass 


124 


-14 


6081 


1 




61 








240 


102 


4896 


! 




1674 


1813 


1886 


191 


68 


4724 


K 




30 


1B08 


2044 


2046 


140 


2 


4999 


1 




6S 


1444 


1682 


1686 


191 


63 


4688 


V. 


iB 


1745 


1880 


18S8 


146 


S 


496S 


11 




34- 


1951 


2089 


2073 


122 


-16 


6081 


1' 




21- 


S098 


2236 


2217 




-19 


6092 


1( 


S3 


22S9 


2377 


!331 


92 


-46 


6206 


If 




19- 


8800 


2438 


2422 


122 


-16 


6074 


i: 




16+ 


8824 


^462 


2498 


174 


+86 


4868 


IF 




6S- 


1240 


I»fl4 


1431 




87 


4764 


It 




60+ 


1140 


1694 


1691 


IGt 


- S 


6027 


!N 


88+ 


I7iS 


1877 


1829 


106 


-43 


6274 


HI 




26 


1870 


2024 


2000 


180 


-54 


6127 


«i 




60+ 


lal! 


1421 


1421 


IfiO 





6007 


HI 




4G 


1430 


1680 


1677 


147 


- S 


6028 


f1 


BO- 


1640 


1790 


1811 


171 




4891 


16 




SS 


1780 


ISSO 


197H 
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Id produce a mean effect upon velocity equal to I — -= 

it one- eightieth of the whole. But, if we take the time in 
gnu at 0*006, and admit that the conclusions of Fiobert is 
.rd to the rapidity of combustion are not abeordly in error, 
ifaall be forced to allow that only a fraction of the possible 
■Ac energy of the generated gases comes into play; and that 
efore, the computed velocities ought {if toe have eomxtly de- 
tned the maximum pressure) are very greatly in excess of 
velocities actually observed; and should probably exceed 
a a number of times. 

is probable that further experiment would prove, that, con- 
f to Piobert's opinion, the combustion of gunpowder must 
■n more rapidly in the chamber of a gun, than under the cir- , 
stances in which it is most easy directly to observe it. But 
not by any means probable that the rapidity of burning is 
■ great enough to permit ua to discard the consideration of 
I from among the elements which must enter into this prob- 

On the contrary, the pressures registered by Bodman's . 
3ator, when rifle powder and large grained cannon powder 
mccessively fired in the same gun and with the same weight 
rojectile, snow that the evolution of gas in the second case is 
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inacli less rapid than in the first; and observers who have wit- 
nessed the firing of the fifteen inch guns state that the mammotli 
powder grains are visible in full combustion after leaving the 
muzzle of the gun. 

Without a more extended examination of the subject than it 
has been found practicable to intnAuoe into the present article, 
(designedly brief,) we should not perhaps be justified in stating 
an auaolutely definite conclusion in regard to the maximum pres- 
sure which gunpowder is capable of producing ; bat it seems im* 
possible to reconcile the actually observed velocities of projectiles 
thrown by it, with any supposition which should place this 
maximum at less than ten thousand atmospheres, or one hon* 
dred and fifty thousand pounds per square inch. 

If we admit such a maximum, however, we find ourselves, on 
the other hand, obliged to discredit, to a certain extent, ibe re- 
sults of the very able and elaborate investigation of Messrs. Ban- 
sen and Schiscnkofif ; and to suppose that they have underesti- 
mate the volume of the generated gases, or tne amount of the 
heat develooed. In the specimen of powder examined by them, 
the charcoal was in unusually small proportion. Thi» may have 

I)roduced a sensible effect upon their results; by leadine to a 
arser production of sulphunc acid, and a smaller of caroonie. 
Still, after making every reasonable allowance for this ooDsideri- 
tion, we find it impossible to draw from their analysis a satis- 
factory explanation of the mechanical effects which gunpowder 
actually produces; and it seems exceedingly desirable that their 
investigation should be repeated. 

One observation may here be made in regard to the allowance 
commonly made in calculation, for the effect upon the velocity 
of projectiles, of the windage of guns. In the taole above, exam- 
ples 1, 2 and S are similar in all respects except windage^ to es* 
amples 5, 6 and 7. The computed velocities are, therefore, in 
the parallel cases, as they should be, almost exactly equal. But 
the actually observed velocities materially differ, No. 6 being 
greater by 47 than No. 1 ; No. 6, greater by 72 than No. 2 ; 
and No. 7, greater by 93 than No. 3. In the first set of exam^ 
pies, the windage is about ^Vi &i^d in the second ^V' ^^ higher 
observed velocities correspond to the less windage. And it is 
observed that the effect on velocity of difference of windage 
* seems to increase with the charge. It is thus rendered experi* 
mentally evident, that it is a great error to make the eorrectioa 
for loss of velocity by windage a constant for all charges in ihe 
same gun. That this is an error was indeed a priori probable. 
It is somewhat remarkable that it should have been so long pe^ 
mitted to stand unquestionedr 

Washington, July, 1868. 
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Abt. XXV. — On Chtldrenite from. Hebron in Maine; by 

Geo. J. Brush. 

Ik an article on the occurrence of amblygonite at Hebron, 
published in this Journal, vol. xxxiv, p. 243, 1862, 1 mentioned 
that it was sometimes associated with a peculiar compact vari- 
ety of apatite, containing minute prismatic crystals of a hair- 
brown mineral. The small amount of this hair-brown mineral| 
at that time in my possession, prevented me from determining 
Ailly its specific characters ; but subsequent explorations of the 
Hebron locality, made by Mr. Oscar D. Allen, have furnished 
a sufficient quantitnr of the substance for examination, to lead 
to the conclusion that the mineral is probably a variety of chU- 
dreniie. 

It occurs in minute prismatic crystals, rarely over three lines 
in length and half a line in breadth and height: a full descrip- 
tion of the crystalline form together with a comparison with the 
Tavistock childrenite is given beyond by Professor Cooke. Its 
other characters are as follows. Hardness =6. Specific gravity 
=8*08 (taken on less than half a gramme of fragments of crystals). 
Color dark hair-brown. Translucent. Lustre vitreous and bril- 
liant Streak white. Fracture uneven. Many of the crystals 
are partiallydecomposed, and converted into a lustreless earthy 
material. When heated in the closed tube, the unaltered mate- 
rial gives off neutral water, and the ignited residue is magnetic. 
Before the blowpipe in the forceps it swells up into ramifications 
and fuses on the edges, giving the flame a pale-green color, 
indicative of phosphoric acid. Fusibility =4, on v. Kobell's 
Bcala Heated on charcoal becomes magnetic; with soda in 
the platinum loop gives a strong reaction for manganese; with 
borax and salt of phosphorus gives reactions for both manga- 
nese and iron. De^mposed by chlorhydric acid leaving traces 
of silica as an insoluble residue. Qualitative analysis proved 
the mineral to be a hydrous phosphate of iron, alumina and 
manganese. 

This composition, together with the physical and pyrognostio 
characters, seem to indicate that the mineral is identical with 
duldrenite^ a view that is further supported by the crystallo- 
graphic examination made by Professor Cooke. Only a very 
few specimens of the Hebron childrenite have as yet been 
ibund. This rare species has never before been observed in 
America. 

Am. Joub. 8oi.-4KOoin> Sbbhu, Vol, XXXVI, No. 107.— Sept., 1868. 

33 




S56 /, P. Cooke, Jr., M CkiUreniiefrom Hebrom in Mmne. 



Abt. XX VL — OrysiaHographic examination of (he Hebron tm- 
eral, and comparison of tt with the Childreniie from IhvittoA; 
by J. P. Cooke, Jr. 

The measarements, which I have made of the crystals from 
Hebron, sent me by Professor Brushi have affi>rdcMl the follow* 
ing results. 

Form trimetric.^ Ratio of azet , 

a : 6 : c =5 0977 : 1 : 1-4S2. ■*' 

Observed. Calcnkted. 
1 onl (mac) 129^80'* 

1 ool (brach.) 10l<»86' 

I onl (basal) 99^22' 
Otmtf 127® W 

2« on 2X (over 0) 74® 20' 74® 22' 

For comparison with the above, I have made the following 

measurements and figure of the childrenite of Tavistock in 

Devonshire, England. 

s. 

Ratio of axes — a : 6 : c =s 0*969 : 1 : 1*498. 

Obaenred. Calcntoled. 

1 onl (mac) 180® 10'» 

1 onl (bracb.) 101®48'» 

1 on 1 (basal) 98® 44' 98® 40' 

21 on 2^ (over 0) 76® 24' 



The values asterisked are in both cases those used in calcu- 
lating the angles given in the second column. The faces 1 and 
2i, both on the crystals from Hebron and the specimens of chil- 
drenite from Tavistock, are so strongly striated parallel to the 
basal edges that only a few of the angles can in either case ba 
accurately measured. Three of the Hebron crystals and two 
crystals of the Tavistock childrenite were examined, and the 
same angles on the different specimens of the same kind were 
found to agree very closelv with the values given above in the 
column headed * observed, the extreme difference not exceeding 
four or five minutes, which is about the limit of the probaUe 
error of the measurements. The angles not given in this col- 
umn were incapable of exact measurement on the specimen ex- 
amined, on account of the striation just noticed. Although there 
is a difference of over half a degree in one of the funcbmental 
angles, yet the general crystallographic characters of the two 
sets of crystals (the striation and lustre of the different £euse8) 
are so nearly the same, that there can be no doubt that the He- 
bron crystals are a variety of childrenite, differing pnerhaps firom 
the English childrenite in some not fundamental point or chem- 
ical composition. 




C. T. Jmdbam m Meteoric Iremfrem Dakota TerrUory. MO 

It will be noticed fix>m the figures (in wbich the relative 
proportions of the planes have been preserved as nearly as 
vras possible by the eye) that while on the Tavistock crystals 
the basal plane is wanting, it is very prominent on the speci- 
mens from Hebron, and gives to the crystals from this local- 
ity their marked prismatic character. This difference, although 
Tom our present mineralogical standpoint unimportant, never- 
iieless wholly alters the general appearance of the crystal, so 
;hat while the Hebron crystals are prismatic, and elongated in 
he direction of the brachydiagonal, the Tavistock crystals are 
pyramidal.' That differences like this, and even slight differ- 
)Qoe8 of angle may be occasioned by the nature of the material 
n which the mineral crystallized is generally admitted. When, 
lierefore, we consider the peculiar character of the ganeue in 
rhich the Hebron crystals were found, so different from Uiat at 
Tavistock, we can hardly be surprisea at differences of crystal- 
ine form as great as those described above. As idready stated, 
he angles of the Hebron crystals above given are accurate only 
rithin four or five minutes, and it is to be hoped that, on further 
urorking the locality, more perfect crystals will be found, which 
prill enable us to correct^ if necessary, the above measurements. 



Ajct. XXVil. — Meteoric Iron from Dakota Territory — Description 
and analysis; by Charles T. Jackson, M.D., of Boston. 

On the 9th of June last, I received, through Messrs. John W. 
Shaw & Co. of this city, a mass of meteoric iron from John B. 
Eoffman, Esq., U. S. Indian Agent for the Ponca tribe of Indians. 
Fhis mass of metal was supposed by Mr. Hoffman to be some 
aative alloy of silver, and it was sent here to be assayed for 
iiat metal. 

The mass in my possession weighs ten pounds ten ounces, and 
s six inches long, nve inches wide, and aix>ut two inches thick, 
3Ut is of an irregular form, the weathered or exterior surface 
)eing much indented, or wavy and pitted, while its opposite side 
s columnar, a natural fissure having existed between it and the 
arge mass from which it was detached by the aid of a sledge 

' At least this is true of all the specimens which have fallen under my ohserra- 
ion, but in the original fieure of the Tavistock crystals by Brooke, ( Brando's Quof 
triy Journal^ zyi, 874. and Dana's Manual of Mineralogy^ ii, 424.) not only the basal 
»laiia but also a second set of octahedral planes f are represented. This figure 
1 general appearance resembles quite closely the Hebron crystals and is very dif- 
erent from the pyramidal form we have given above. The difference is probably 
o be explained oy the varying characters of the matrix in which the crystals occur 
t that locality, and it shows that, under certain conditions, the mineral has a tend* 
DCj to the prismatic form which is only more fully developed in the spedmens 
rooi Hebron. 
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hammer. It is stated that this piece was broken from a lamp 
of the same kind, which was estimated to wei^h 100 pounda 

It was found on the surface of the ground, in the Jbakota In- 
dian territory, ninety miles from any road or dwelling. 

Where it has been rubbed and partially polished, the iron has 
a silvery appearance, and hence the mistake entertained as to its 
probable nature. 

Excepting on the exterior of the columnar portions, which 
have a steel-like crust, the metal is very soft, and saws or fiki 
easily. It has a bright surface when cut No earthy or stony 
matter has been found in it, and, judging from its great densi^, 
it appears to be solid in its interior. Pieces were sawed off in 
different places, and these were polished and tested with dilute 
nitric acid for the production of Widmannstattian figuresi bat 
none have thus fiir been produced, only a scalv like struetnre^ 
quite fine, is developed by the acid, or when a lump of the iron 
is dissolved, ridges and fine projecting points are 1^ on the nn* 
dissolved metal I noticed the singular phenomenon of the in- 
different state of the iron to nitric acid, while dissolving this 
metal. After a rapid boiling effervescence, with a rush of red 
fumes of nitrous acid, the chemical action suddenly ceased and 
could not be renewed by the addition of more nitric acid, nor by 
a boiling heat, but on inclining the ^lass beaker, so as to cause 
the metal to come in contact with the other side of the glass, 
tumultuous chemical action instantly commenced, and the sola- 
tion went on rapidly. This seems to show that the electrical 
state of the metal and of the glass was concerned in the indiffer- 
ent state of the metal to the acid. 

Chemical analysis of (he Meteoric Iron. — Qualitative examina- 
tion soon demonstrated the existence of nickel, phosphorus, tin, 
cobalt, and chromium in this meteorite. 

Its specific gravity, taken with much care, was found to be 
7*952. Its hardness that of the softest malleable iron, except on 
the exterior of the columnar portions, which were as hard as case- 
hardened iron, resisting the saw and causing a sharp cry under 
the file. No carbon was found. 

The quantitative analysis was effected on two separate pieces, 
sawed from two of the columns, and the proportion of nickel was 
twice determined, the iron in both cases being removed as a 
succinate, by the well known processes. 

By blowpipe examination, tin in metallic grains, was obtained, 
and the presence of small proportions of cobalt and chrome 
were proved. Phosphoric acid was found by molybdate of 
ammonia, and was in the analysis separated in the state of pyro- 
phosphate of magnesia. 

Although the analysis is not quite complete, yet it is enough 
so for our present purpose in demonstrating the meteoric nature 
of this metallic mass under examination. 



Physics. Sn 

he following are the per-centage lefialtB of my analyses, eze* 
d on a gram in each trial. 

1. 1 

Metallic iron 81*785 91*785 

nickel 6-682 7*080 

Till 0*068 0K)68 

Pboephonit O-010r=:98*84O 0«IOs:68*888 

cobalt was proved by the blue color the nickel ^ve with the 
IX bead, chrome, as snewn by the bead of the Dickel*oxyd in 
ixxxMsmic salt, the green color being persistent in the reducing 
e and coming out as the red color produced by nickel in the 
bead fisided. Chlorine was searched for in a solution of 6S'7 
of the meteorite, but none was discovered, 
have requested Mr. Hoffman to procure and send to me the 
ainder of this interesting meteorite, and also to inquire of 
Indians for other specimens and to procure them if possible, 
ugh of no economical value, these specimens from beyond 
world, are of great interest to science, and if our frienas on 
Pacific shore will look for them, I have no doubt many lar- 
masses of meteoric iron may be found there. 

•too, Aug. 18, 1868. 
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SCIENTIFIC INTELLIGENCE. 

L PHYSicaa. 

On Celestial Dynamics ; by Dr. J. R. Mater.' — [We avail ourselves 
translation l>y Dr. Debus, of v. Mayer's memoir, now in course of 
ication in the London Ed. and Dublin Phil, Mag,y to lay before our 
era this remarkable paper, which has never before been printed ia 
i»h. In connection with the researches of Joule it certainly marks 
ra in the history of physical science, and although first published 
!n years ago, the argument remains in all essential points unchanged 
iter researches. The recent appearance of Dr. TyndalPs most fasci- 
ig volume, ** Heat as a mode of Motion^^* has given a degree of gen- 
interei^t to this whole subject which it never would have poss^sed 
not the genius of Tyndall set it forth in a manner equally simple and 
rhtfuL— S.] 

Introduction, — Every incandescent and luminous body diminishes in 
3erature and luminosity in the same degree as it radiates light and 
, and at last, provided its loss be not repaired from some other source 
jese agencies, becomes cold and non-luminous, 
or light, like sound, consists of vibrations which are communicated 
he luminous or sounding body to a surrounding medium. It is per- 
y clear that a body can only excite such vibrations in another sub- 
ce when its own particles undergo a similar movement; for there is 

Beiirclge zur Dynamik det Bimmelt, in popul&rer Daritellung^ yon Dr. J. B. 
er, Stadtarxt io Heilbronn. Heilbronn, 1 848. Translated by Dr. H. Debus, F.ILS. 
Elepabllshed by Appletoo, ]2mo, pp. 480, New York, 1868. 
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no eaiiM for nndulatoiy motion whea m body is io a state of rest, or is i 
state of equilibrium with the medium bj which it is surrounded. If s 
bell or a string is to be sounded an external force must be applied ; tod 
this is the cause of the sound. 

If the vibratory motion of a string could take place without snj 
resistance, it would vibrate for all time ; but in this case no sound ooald 
be produced, because sound is essentially the propagation of motion; snd 
in the same degree as the string oonimunicat«s its vibrations to the 8Q^ 
rounding and resisting medium its own motion becomes weaker a&d 
weaker, until it at last sinks into a state of rest 

The sun has often and appropriately been compared to an inceMantlj 
sounding bell. But by what means is the power of this body kept up 
in undiminished force so as to enable him to send forth his rays into tM 
vniverse in such a grand and magnificent manner f What are the caaia 
which counteract or prevent his exhaustion, and thus save the planetaij 
systeoi from darkness and deadly cold f 

Some endeavored to approach ** the grand secret,** as Sir Wm. Hersdid 
oalls this question, by the assumption that the rays of the sun, being 
themselves perf<ictly cold, merely cause the ** substance** of heat, supposed 
to be contained in bodies, to pass from a state of rest into a state of 
motion, and that in order to send forth such cold rays the sun need not 
be a hot body, so that, in spite of the infinite development of light, the 
cooling of the sun was a matter not to be thought of. 

It is plain that nothing is gained by such an explanation ; for, not to 
speak of the hypothetical ** substance** of heat, assumed to be at one 
time at rest and at another time in motion, now cold and then hot, itii 
a well-founded fact that the sun does not radiate a cold phosphorescent 
lights but a light capable of warming bodies intensely; and to ascribe 
such rays to a cold body is at once at variance with reason and expe- 
rience. 

Of course such and similar hypotheses could not satisfy the demands 
of exact science, and I will therefore try to explain rn a more satisfaetorj 
manner than has been done up to this time the connexion between the 
sun^s radiation and its effects. In doing so, I have to claim the indul- 
gence of scientific men, who are acquainted with the difilculties of my 
task. 

IL Sources of Heat, — Before we turn our attention to the spedsl 
subject of this paper, it will be necessary to consider the means by whidi 
light and heat are produced. Heat may be obtained from very different 
sources. Ck>mbustion, fermentation, putrefaction, slaking of lime, the 
decomposition of chlorid of nitrogen and of gun-cotton, d^c^ are all of 
them sources of heat The electric spark, the voltaic current, friction, 
percussion, and the vital processes are also accompanied by the evolution 
of this agent. 

A general law of nature, which knows of no exception, is the (bllow- 
ing : — In order to obtain heat something must be expended ; this some- 
thing, however different it may be in other respects, can always be 
referred to one of two categories: either it consists of some material 
expended in a chemical process, or of some sort of mechanical work. 

When substances endowed with considerable chemical afilnity for each 
other combine chemically, much heat is developed during the proceak 
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Wa aluill attimata the quantity of heat thus set ftee by the number of 
kilogroms of water which it would heat 1^ C. The quantity of heat 
neceflsary to raise one kilogram of water one degree is called a unit of 
heat' 

It has been established by numerous experiments that the combustion 
of one kilogram of dry charcoal in oxygen, so as to form carbonic acid, 
yields 7200 units of heat, which fact may be briefly expressed by saying 
that charcoal furnishes 7200^ of heat 

Superior coal yields 6000*, perfectly dry wood from 8300^ to 8000^, 
sulphur 2700®, and hydrogen 34,600^ of heat 

According to experience, the number of units of heat depends only 
on the quantity of matter which is consumed, and not on the conditions 
under which the burning takes place. The same amount of heat ia 
given out whether the combustion proceeds slowly or quickly, in atmo- 
n>beric air or in pure oxygen gas. If in one case a metal be burnt in 
air and the amount of heat directly measured, and in another ioAtance 
the same quantity of metal be oxydixed in a galvanic battery, the heat 
being developed in some other place — say, the wire which conducts the 
current, — ^in both of these experiments the same quantity of heat will be 
observed. 

The same law also holds good for the production of heat by mechan- 
ical means. The amount of heat obtained is only dependent on the 
quantity of power consumed, and is quite independent of the manner in 
which this power has been expended. If, therefore, the amount of heat 
which is produced by certain mechanical work is known, the quantity 
which will be obtained by any other amount of mechanical work can 
easily be found by calculation. It is of no consequence whether this work 
consists in the compression, percusssion, or friction of bodies. 

The amount of mechanical work done by a force may be expressed 
by a weight, and the height to which this weight would be raised by 
the same force. The roatbemalical expression for ^ work done," that is 
to say, a measure for- this work, is obtained by multiplying the height 
expressed in feet or other units by the number of pounds or kilograms 
lifted to this height 

We shall take one kilogram as the unit of weight, and one metre 
18 the unit of height, and we thus obtain the weight of one kilogram 
raised to the height of one metre as a unit measure of mechanical work 
performed. This measure we shall call a kilogrammetre, and adopt for 
It the symbol Era.^ 

Mechanical work may likewise be measured by the velocity obtained 
by a given weight in passing from a state of rest into that of motion. 
The work done is then expressed by the product obtained by the multi- 
plication of the weight by the square of its velocity. The first method, 
nowever, because it is the more convenient, is the one usually adopted ; 
and the numbers obtained therefrom may easily be expressed in other 
units. 

' The heat requisite to raise 1 kilogram of water 1^ C. will heat I lb. av. of 
water 8*9S81<» F. 

P If one metre >■ S-2808 English feet, and one kilogram = 2*2046 lbs. av., it 
IbUowa that one Km ss7*2825 foot-pounds.— Ta.] 
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The product resulting from the multiplication of the number'of uiriti 
of weight and measures of height, or, as it is called, the product of mM 
and height, as well as the product of the mass and the square of its 
velocity, are called " vis viva of motion," ** mechanical eflfect,'* ** dynsm- 
ical eflfect," ** work done," " quantiU de travail^ kc 

The amount of mechanical work necessary for the heating of 1 kilo- 
gram of water 1^ C. has been determined by experiment to be =307 Em; 
therefore Em=:0'O027d units of heat* 

A mass which has fallen through a height of 367 metres poeeesseB i 
velocity of 84*8 metres in one second ; a mass, therelbre, moving with 
this velocity originates 1^ C. of heat when its motion is loet by pereot- 
Bion, friction, ko. If the velocity be two or three times as great, 4^ or 
9* of heat will be developed. Generally speaking, when the velocity is 
c metres, the corresponding development of heat will be expressed by 
the formula 0-0001 39* Xc*. 

III. On the Meeuure of the Sun^s Heat, — The actinometer is an instra- 
ment invented by Sir John Herschel for the purpose of measuring the 
heating effect produced by the sun's rays. It is esnentially a thermome- 
ter with a large cylindrical bulb filled with a blue liquid, which is 
acted upon by the sun's rays, and the expansion of wbicn is measured 
by a^^graduated scale. 

From observations made with this instrument. Sir John Heracbel cal- 
culates the amount of heat received from the sun to be sufficient to 
melt annually, at the surface of the globe, a crust of ice 29*2 metres in 
thickness. 

Pouillet has recently shown by some careful experiments with the lens 
pyrheliometer, an instrument invented by himself, that every square 
centimetre of the surface of our globe receives, on an average, in one 
minute an amount of solar heat which would raise the temperature of 
one gramme of water 0*4408*'. Not much more than one-half of tbb 
quantity of heat, however, reaches the solid surface of our g1obe« since a 
considerable portion of it is absorbed by our atmoj^pbere. The layer of 
ice which, according to Pouillit, could be melted by the solar heat which 
yearly reaches our globe would have a thickneM of 30*89 metres. 

A square metre of our earth's surface receives, therefore, according to 
Pouillet's results, which we shall adopt in the following pages, on an 
average in one minute 4*408 units of heat The whole surface of the 
earth is =:9,260«500 geographical square miles;' consequently the earth 
receives in one minute 2247 billions of units of heat from the sun. 

In order to obtain smaller numbers, we shall call the quantity of heii 
necessary to raise a cubic mile of water 1^ C. in temperature, a cuHc 
mile. of heat Since one cubic mile of water weighs 408*54 billions of 
kilograms, a cubic mile of heat contains 408*54 billions of units of 

' How this important result is obtained bas been explained in my paper " M 
organUehe Bewegufig in ihrfm Zusammenhange mit deni 8toffweek$el" 

[TbiB essay was published io 1846. At that time de la Roche and Bertid^ 
determination of the specific heat of air was generally accepted. If the pbvMil 
ooostants used by Mayer be corrected according to the results of more recent niTtr 
tigatloD, the mechaoical equivalent of heat is found to be 771*4 foot-pooDdsw Mr* 
Joule finds it =772 foot-pounds. ^Ta.] 

' The geographical mile ^=7420 metres, and one English mile =1608 metna 
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heat The eSeet produoed by the rays of the ran on the Burfkee of the 
earth in one minute is therefore, 5*5 cubic miles of heat 

Lei us imaffine the sun to be surrounded by a hollow sphere whose 
radius is equal to the mean distance of the earth from the sun, or 
20,589,000 geographical miles; the surface of this sphere would be equal 
to 6d2tf billions of square miles. The surface obtained by the interseo- 
tioD of this hollow sphere and our fflobe, or the base of the cone of solar 
light which reaches our earth, stands to the whole surface of this hollow 

sphere as ^^ — : 5326 billions, or as 1 to 2300 millions. This is the 

ratio of the heat received by our globe to the whole amount of heat sent 
forth from the sun, which latter in one minute amounts to 12,650 mil- 
lions of cubic miles of heat 

This amazing radiation ought, unless the loss is by some means made 
good, to cool considerably even a body of the magnitude of the sun. 

If we assume tlie sun to be endowed with the same capacity for heat 
as a mass of water of the same volume, and its loss of heat by radiation 
to aflfect uniformly its whole mass, the temperature of the sun ought to 
decrease 1^*8 C. yearly, and for the historic time of 5000 years this loss 
would consequently amount to 9000^ C. 

A uniform coohng of the whole of the sun's huge mass cannot, how- 
ever, take place ; on the contrary, if the radiation were to occur at the 
expense of a given store of heat or radiant power, the sun would become 
covered in a short space of time with a cold crust, whereby radiation 
would be brought to an end. Considering the continued activity of the 
iun throuffh countless centuries, we may assume with mathematical 
certainty the existence of some compensating influence to make good its 
enormous loss. 

Is this restoring agency a chemical process f 

If such were the case, the most favorable assumption would be to 
suppose the whole mass of the sun to be one lump of coal, the combus- 
tion of every kilogram of which produces 6000 units of heat Then the 
sun would only be able to sustain for forty-six centuries its present expend- 
iture of light and heat, not to mention the oxygen necessary to keep up 
such an immense combustion, and other unfavorable circumstances. 

The revolution of the sun on his axis has been suggested as the cause 
of his radiating energy. A closer examination proves this hypothesis 
also to be untenable. 

Rapid rotation, without friction or resistance, cannot in itself alone be 
regarded as a cause of light and heat, especially as the sun is in no way 
to be distinguished from the other bodies of our system by velocity of 
axial rotation. The sun turns on his axis in about twenty -five days, and 
his diameter is nearly 112 times as great as that of the earth, from 
which it follows that a point on the solar equator travels bat a little 
more than four tiroes as quickly as a point on the earth^s equator. The 
largest planet of the solar system, whose diameter is about ^th that of 
the sun, turns on its axis in less than ten hours; a point on its equator 
resolves about six times quicker than one on the solar equator. The 
outer ring of Saturn exceeds the sun's equator more than ten times in 
Ax. JouB. Sol— Sboono Saaias, Vol. XXXVI, No. 107.— 8sft., 1863. 

34 
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telocity of rotation. Nerertbelees, no generation of light or heat ii ob- 
■erved on our globe, on Jupiter, or on the ring of Saturn. 

It migrfat be thought that friction, though undeveloped in the case of 
the other oeleetiai bodies, might be engendered by the sun's rotaUoD, 
and that such friction might generate enormous quantities of heat Bot, 
for the production of friction, two bodies, at least, are always necessarr 
which are in immediate contact with one another, and which mora with 
different velocities or in different directions. Friction^ moreover, has s 
tendency to produce equal motion of the two rubbing bodies; and^ when 
this is attained, the generation of heat ceases. If now tho sun be ths 
one moving body, where is the other f and if the second body exist, what 
power prevents it from assuming the same rotary motion as the sun t 

But, could even these difSculties be disresarded, a weightier and more 
formidable obstacle opposes this hypothesis. The known volume and 
mass of the sun allow us to calculate the vu viva which he posMSMi 
in consequence of his rotation. Assuming his density to be nniferm 
throughout his mass, and his period of rotation twenty-five days, it ii 
equal to 182,300 quintillions of kilogrammetres (Em). But, for one 
unit of heat generated, 867 Em are consumed ; consequently the whole 
rotation-effect of the sun could only cover the expenditure of heat for the 
space of 183 years, [7h be coruinwd.] 

2. Kirchhoff^i Secona Memoir on the Spectrum^ has juat readied m. 
The map of the spectrum is continued in this memoir to embraoe what 
was not given in tne first, which contained, it will be remembered, the war 
trai portions from D to F. In the first plate of the 2d part we have A, 6, 
C to D or 38** to 101^ and in the second plate, ^m F to pari G or 256* 
to 287^ The work has been executed by Hoffmann, to whom it was en- 
trusted by Eircbhoff, owing to the injury to his eyes in his former re- 
searches. Hoffmann has added the lines of numerous elements not be- 
fore recorded, and gives a table of the atmospheric lines, and their ooin- 
cidences with the elements and with the lines produced by the eiectrie 
spark in atmospheric air. 

3. An Improved Spectroscope. — Analysis of the fixed line D ; bj 
Professor JosiAd P. Cooks, Jun. (Extracted, by permission, from a 
letter to Dr. Percy). — I have had a spectroscope constructed, which I 
believe to be the largest and most powerful ever yet applied to the 
spectrum. It has nine prisms, filled with CS2< giving 2^ inches ape^ 
turo, with telescopes of corresponding size. By means of a conicd 
wheel, against which the backs of the prisms rest, I am able to adjust 
ihem with great facility to the angles of least deviation. Two pins on 
the back of the prism are so adjusted that, when pushed against the 
wheel, the back of the prism is tangent to the circle. By means of 
this simple contrivance, I can make the adjustment from one end of ibe 
spectrum to the other in a very short time. The prisms are constructed 
on a plan suggested by my friend Professor Rood. They have wide 
frames with leveling screws. To the faces, pieces of the best plate fflsii 
are cemented, with a mixture of glue and honey. Outside of usee, 
other plates are applied whose outer surfaces have been most carefollf 

' Ufiiertehufigen uber daa 8onnen»peetnan und die Speetren der ^emUehen JSU- 
mente, by G. Kirchhoff (2Dd Part), with 2 Plates. Berlin, 1868. 
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[roniid plain, with castois>il betweni. Tbii ffrtm t nrj perftot prim. 
\m tb« light is here bent throogh almost 860°, we have reached about 
he limit of power, udIcm we can reflect back the raja over the aime path. 

This inBtniment haa eetablished the following points: 

lat. That the lines of the solar spectmm are as innomerable as the 
tars of heaven. It shows distinctly at least ten 
imes as many lines as are given by Eirchhoff in 
lis chart, and an infinitoae of nebulous bands Kad 
not on the point of being resolved. To give you "*■ 
in idea I enclose a drawi^ of the D line of 
.■^annbofer as seen bv it. firchhtf gives only 
hroe lioea— the two broad ones and a fsint central on& Yon notio* 
here are six others and a nebnlous band. 

Sd. It proves that the coincidences between the bright lines of tha 
netalltc ^ctra and the dai^ lines of the solar spectmm remain per- 
eet, even with this greatly increased power. I am able to spread the 
wo members of the sodium line to hr apart that I can readily distin* 
;aiah tsW "f ^^ intermediate space, and yet the coincidence with the 
wo daA Frannhofer lines is still absolute. 

Sd. It shows that many of the bands of the metallic spectra ar* 
>road colored spaces, crossed themselves by br^bt lines. lais is the 
>se with the orange band of the strontium spectnun, and with the 
fhole of the calcium and barium spectra to a remaricable extent.'— 
"Jktmeal Jfnei, July 4, 1863. 

4. Speelrum *^ PkotpKorm — Orttn toianiwn of kydrofftn iy jAm' 
ikona. — Measra. GBRiSTorLa and BiiLsniN, starting from the fact, long 
ISO sUted by Wcehler {Ann. dtr Cktm. und Pluu^ xxxix, 261), that 
ihosphoroni acid communicated a beautiful green color to a hydrogen 
lame, determine that pure phospfaoms, introduced into the hydrogen 
■eneration apparatus, produces the same eSsct. Dusart baa also shown 
he same (Compta Rmdtu, xliii, 112B), and Blondlot has employed the 
ame facts in toxical examinations for phosphorus (Jour, d* Pkarm. tt d» 
TIL, [3], Iv, 26). C & B. have Uken up the inquiry and, by means of 
be spectrum analysis, have obtained very precise results. This flame, 
fluunined by the spectroscope, showed two beautiful green lines on the 
eft of the sodium band, besides a third, less vivid, between the two first 
lad the sodium ray ; the ssme tines are seen by using phosphorous and 
lypopbospborons acids. 

Ad iron wire, supposed to be quite pure, introduced into the appflratus 
lescribed, and atlacted by HO, SO, to avoid any coloration from H CI, 
;a«e a green hydrogen flame, and with tlie spectrum apparatus gave the 
ame lines as phospTiorus. Chemically pure iron (reduced from the oia- 
■te by hydrogen) gave a colorless flame and no green ray in the spec- 
mm. — CompUi J&tdiu, 2 Uarch, 1868. 999. 

6. Ottiuum Speetmm. — Wiluau Fraikr (Dublin) finds that osmium 
iffords three well marked lines of violet-blue color, and a fourth fainter 
•ne. These lines, measured by Bteinbeil's spparstus, occupied 6-0, 6'S, 
od 7'0 respectively, the fainter line appearing at 6'6, two being placed 
t the sodium line. It also affords a broad undefined band of blue light 
a the loft (^ these lines. — Ckem. Ntwt, July 18. 
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6. On the Behavior of Dextrin and Oum Arabic icward Alhvwunr^ 
RuD. GtNSBKRO (Sitzufiphberichte der Wiener Academie, liai^ 1802) findi 
tliat mineral acidn, added to the turbid mixture of fre»h wbite of egg and 
water, have the same effect as orgauic acids, if the acid be employed in 
imall quantity^ viz : the albumen goes into solution more peifecUy, is* 
stead of being coagulated as happens if the mineral acid (but not the 
organic acid) t^e added in large quantity* The solution thua obtained ii 
not coagulated by heating to boiling. 

If, to a cold solution of albumen in a dilute mineral or stronger otgaoio 
acid, a solution of dextrin, prepared from starch, eitlier by belp of diaslMS 
or sulphuric acid, be added, a heavy precipitate ensues, which shortly 
settles in form of docks and is insoluble in excess of dextrin or of add. 
The precipitate does not appear to be a simple cpmbination of albumea 
and dextrin. Gtinsberg is occupied with ib further studj. Solotioocf 
gum arable gives a precipitate with acid solution of albumen only when 
Uie latter is in large excess, and the precipitate immediately disaolves in 
excess of the gum. The solution of albumen which of itself is not coaga- 
lable by heat, becomes so on the addition of gum arable. I^ therefore, 
to an acid solution of albumen, gum arabio is added cautious! j, a pi^J^* 
tate is formed which disappears on further addition of gnm arabio. On 
heating the mixture, snow-white flocks separate. This obaerratioB ht- 
nishes a means of distinguishing these two carbo-bydrmtea. a. w. J. 

7. Detection of nitric acid in waters by meane of Brmcmj-^'Kxmnxit 
(Ann. Ch. u. Ph.^ cxxv, 224) finds that y^ of a milligramma of nitric 
acid in a cubic centimetre of water may be plainly delected with help 
of brucin. The reagents must be specially purified before they can bs 
employed. The water is repeatedly rectified over potash. The bntda 
is washed with pure water several times to remove nitrates. Engliih 
sulphuric acid is mixed with 5 per cent of carbonate of ammonia and 
\ distilled off in a glass vessel.' 

Kersten dissolves the brucin in 1000 times its weight of water, poms 
1 c. c. of this solution into a champaffne glass, adds i c c. of the water 
to be tested and finally 1 c c of sulphuric acid. The latter ia allowed 
to flow down the side of the glass so as to gather beneath the water. 
At the plane of contact of the two liquids a rose-red xone immediately 
forms if the nitric acid be present in detectable quantity. a. w. J. 

8. New reaction for Veratrin. — ^Trapp, of St Petersburg, has observed 
that the smallest traces of veratrin dissolve in cold concentrated chlorhy- 
dric acid, giving a colorless solution, which, on continued boiling, assumei 
a red color that finally becomes very intense and resemblea that of pe^ 
manganate of potash. This solution remains unaltered by atanding for 
m long time. — Polytechnisches Notizblatt^ 1863, 96. 

9. Reaction for Molybdenum. — According to Brauk, (ZeiUekrift fir 
Analyt, Ch.j 1863, 86,) sulpho-cyanid of potassium gives, with certais 
solutions of molybdenum, a red color similar to that prodnced by tbe 
same reagent in solutions of per-salts of iron. The brown solntioD of 
M02O3 in HCl, mixed with concentrated solution of an alkali-anlpho- 

' According to Ooppelsroder ( Verhandl, der naturforteh. GutUt, in Bmed, lUh 
\69) fuming oil of vitriol is free from osEvds of nitrogeo. This observatioQ hss ^^-^ 
coDnrmed in the Sheffield Laboratory.— [t. w. j.] 



IVcAntca/ ChemUtiy. S60 

cytnidf yieMft a reddish-yellow liquid which gradually beeomes darker 
md finally appears carmine red. 

This reaciioD is obtained with molybdic acid or solutions of molyb* 
dates by putting a fragment of zinc into the liquid, adding a few drops 
of strong solution of sulplio-cyanid of potassium, and, finally, a little 
sulphuric or chlorhydric acid, so that a gentle evolution of hydrogen is 
excited. The red color shortly appears, though it is not permanent. 

In this way, ^ ^J t m^ of molybdic acid is recognizable, a quantity less 
than can be detected by the usual reagents. The sulpho-cyanid of mo- 
lybdenum is soluble in ether and is taken up by this liquid when agitated 
with it It is not dissolved by chloroform or sulpbid of carbon. 

Since ferric oxyd and hyponitrio acid give with alkali-sulpho-cyanids 
red liquids, they interfere with the direct detection of molybdenum. 
C. Clans has observed that oxalic and phosphoric acids destroy the 
sttlpho-cyanid of iron, and that in presence of these bodies ferric oxyd is 
unaltered by the alkali-sulpho-cyanids. Oxalic acid converts the carmine 
red of sulpho'cyanid ot molybdenum into a reddish-yellow color. Free 
phoaphorio add has, however, no effect on strong solutions of sulpho* 
cyanid of molybdenum. The red coloration caused by hyponitrio acid 
in solution of alkali sulpho-cyanids, is destroyed by addition of urea or 
alcohol as well as by addition of oxalic or phosphoric acid. In order 
then to recognize molybdenum in presence of ferno oxyd and hyponitrio 
add, the solution under examination is first boiled with chlorhydric acid 
to destroy the hyponitrio acid, then treated with phosphoric acid and 
finally with zinc and sulpho-cyaoid of potassium. a. w. j. 

10. On the quantitaiive tstimation of Arunk. — Wittstbin {ZeiUehrift 
/%tr analytuehe Chemie^ 1863, 19) observes that the process of drying the 
mromonio-arBeniate of mi^nesia in vacuo is extremely tedious, while at 
100* C. loss of ammonia may occur. He recommends to expel all the 
water and ammonia and weigh the pyro-arseniate of magnesia. To do 
this, it is necessary to heat the substance cautiously and gently in a sand- 
bath, until the ammonia is expelled and the original snow-white color 
has passed into milk-white. Then the heat is gradually increased until the 
porcelain crucible almost glows. The residue is 2MffO AsO^, and no 1 
of araentc is to be feared, except through too rapid heating, a. w. j. 



II. On the manufacture of Soda, Chlorine, and Sulphuric and Chlor-' 
hydrie Acidt ; by Thomas Macfarlanb. — In the Canadian Naturalitt 
for Feburuary, 1868, Mr. Macfarlane has described a series of processes 
for the decomposition of sea-salt and the manafiEu;ture of soda, chlorine 
mnd sulphuric and chlorhydric acids. These new methods, which the 
inventor has just patented in England, are interesting both in a theo- 
retical and a practical point of view. The starting point in these pro- 
cesses is the fact that when a mixture of dried green vitriol and sea-salt 
B heated to redness, in a current of air, sesquichlorid of iron is first 
formed, and then decomposed into peroxyd of iron and chlorine, so that 
the residue is sulphate of soda and peroxyd of iron. This reaction is 
ftcilitated by an admixture of peroxyd of iron, which renders the mass 
less fosible and keeps it in a porous state. 828 parts of green vitriol are 
dried and partially peroxy dized by a gentle heat, and are then intimately 
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mixed with 852 parte of sea-aalt, and 78 of peroz^d of iron. The 
whole is then heated to low redness in a muffle calcining fiiniaoe, the 
muffle of which is connected with an exhausting apparatus, by means of 
which air dried by passing over lime is brought in contact with the 
mixture. The temperature of this should be kept so low that no pe^ 
chlorid of iron is sublimed. The mixture is carefully stirred from time 
to time, and the whole of the chlorine is thus obtained in a ffaseons 
state, mixed with nitrogen, but available for the preparatioQ of bleach- 
ing salto and for other purposes. The muffle now contains a mixture 
of peroxyd of iron and sulphate of soda, for it is claimed that nnder the 
above conditions the decomposition of Uie chlorid of sodium is com* 
plete. This mixture is ground with 144 parte of coal and heated to 
fusion in a reverberaiory furnace, the hearth of which is made of ground 
quick-lime mixed with a little basic slag or glass, and saturated with 
sulphuret of sodium by means of an admixture of sulphate of soda and 
coal melted upon ite surface. The fused mass after cooling is treated 
with water, and yields a residue of sulphuret of iron, and a aolption of 
caustic soda colored greenish by a portion of suspended or dissolved 
sulphuret of iron, which is however precipitated when the carbonic acid 
from the furnace is passed over the solution, yielding a solution of caustic 
■oda and carbonate of soda which is treated by the ordinaiy methods. 

The residue of proto-sulphuret of iron is washed, and then exposed 
while moist, on a perforated wooden floor covered with canyass, to the 
action of the air, by which it is soon converted into sulphate of iron. 
This is removed by solution from the residue of peroxyd of iron, and 
we have again Uie two substances necessary for the decompoaition of s 
new portion of sea-salt 

In this process, the use of sulphuric acid and of peroxyd of manga- 
nese are dispensed with, and by the aid of a certain amount of sulphate 
of iron, which can be employed an indefinite number of times, sea-salt 
is converted into soda and chlorine, without the employment of any 
other reagent than a little carbon and the oxygen of the air. The whole 
of the chlorine is also obtained in an available form, while by the use 
of peroxyd of manganese one half of this element remains in the state 
of chlorid. The decomposition of sulphate of soda by peroxyd of iron 
and charcoal , was patented some years since by Blythe and Eopp, bat 
they obtained the sulphate of soda by the action of sulphuric acid on 
aea-salt, and burned the resulting sulphuret of iron to prepare new po^ 
tions of the acid. 

For the preparation of sulphuric and muriatic acids, Mr. Mac&rlane 
employs, in connection with the chlorine evolved by the method josl 
described, the sulphurous acid obtained by burning sulphur or by cal- 
cining iron pyrites. The two gases being mixed in equivalent p^opo^ 
tions, and passed with a jet of steam through a condenser filled with 
coke, yield sulphuric and chlorhydric acids, in accordance with the 
equation, SOj-f-HO-l-Cl^SOg+HCL The mixed acids are separated 
by distillation. 

Another process proposed by Mr. Macfarlane for the mana£BUiture d 
the two acids consiste in calcining a mixture of one equivalent each of 
iron pyrites and sea salt, with four equivalente of peroxyd of iron. 
Sulphurous acid is at first evolved, but, in presence of the peroxyd, so 
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nrach of fhw add is ozydised as to fonn salphate of iron safSeient to 
conrert the mater part of the sea-salt into sulphate of soda and chlo- 
rine jB^ which is urns produced in the second stage of the heating. 
By charging a series of famaces with this mixture, and bringing toffether 
the chlorine from one and the snlphnrons acid from another m the 
presence of aqneons vapor, a constant production of sulphuric and 
chlorhjdric acids may be kept up, while the soda, with one half of the 
sulphur of the pyrites, is obtained in the form of sulphate of soda. In a 
previous paper in the Canadian Naturalist for 1802 (page 1 94), Mr. Mac- 
nrlane has detailed numerous experiments made with reference to this 
transformation into sulphate of soda and chlorine of a mixture ofpyrites 
and sea-salt in presence of a large excess of peroxyd of iron. The use 
of chlorine for the purpose of converting sulphurous into sulphuric acid 
was patented by Halmer in 1854, he, however, proposed to employ the 
chlorine obtained by means of oxyd of manganese, which would prob> 
ably render his process more expensive than the common one, which 
depends upon the use of nitrous acid. t. b. h. 

PBTSIOLOOIOAL CHIMUTaT. 

12. On the excretion of Nitrogen in animals. — The experiments of 
Regnault and Reiset, as well as those of Boussinffault, have conducted 
to the assumption that a portion of the nitrogen wnich a mature animal 
consumes in its food escapes from the omtnism in a gaseous form as 
free nitrogen or ammonia. Bischoff and Voit, in their classical research 
on the Laws of Nutrition of the Carnivores,' are believed to have estab- 
lished, so to as experiments with a sinde animal, a dog, could serve, 
that all the nitrogen of food is excreted through the kidneys and intes- 
tines and is found again in the urine and freces. 

This result has been confirmed by Henneberg in case of Ruminants, 
by J. Lehmann in case of swine, and by Job. Ranke in case of man. 

Ail these experiments were however open to one objection, viz : it 
was possible that a loss of gaseous nitrogen resulting from a waste of 
tissue might occur, although the nitrogen of the excreta were equal to 
that of the food. In such a case the animal must continuously lose flesh. 

In order to silence all cavil and to establish so important a law on 
an irrefutable basis, Voit {Ann, Chem, u. Ph,^ ii, Sup. Bd., p. 288) has 
carried out a new series of observations, employing as the subject a 
pigeon, the animal which according to Boussingault exhales 85 per cent 
of the nitrogen of its food in a gaseous form. To settle the point in 
question, it was necessary, Voit remarks, to supply to the aniraal under 
trial a definite nourishment for a long period of time. If then, the 
excreted should be found equal to the ingested nitrogen, any lo8s of 
nitrogen by exhalation would result in the wasting away and final death 
of the animal. 

Voit fed a pigeon 124 days (from Oct. 5, 1861, to February 6, 1862) 
exclusively with peas. The bird consumed 3642*8 grm. air-dry =z8 182*4 
grm. dry (at 100° C.) peas, which contained 4*77 percent z=149*4 grm, 
of nitrogen. The excrements dried at 100° C. weighed 976 grm. and 
contained as the mean result of 12 analyses 14*95 per cent z= 145*9 
grm. of nitrogen or 8*5 grm. less than was in the food. The pigeon had 

* Di4 Oetetze der Emdhrung det FleischfresMeri dutch neue Untermchungenftst* 
getUUi. Leipzig and Heidelberg, 1860. 
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mdnally gained daring the trial f grm. in weiglit Amikiinff tbA 
fliis increase consisted in nitrogenised tisane, aa most be aupposed from 
the character of the food, it corresponds to 2*4 ffrm. of nitrogen. This 
added to the quantity foand in the excrements leaves bat 1*1 grm. nil- 
accoanted for, a qnantity admitting of a loss of -fif milligramme daUr, 
and so small, considering the dnration of the tnal, aa to be safelj 
attributable to errors of experiment a. w. j. 

n. METALLUBGY. 

1. New works. — ZuMmmenstellung der iiatisHsehen Brg^misie da 
BerftwerkS'j ffUtten' und Salinen-Beiriebes in dem Preussuteken Staak 
wdhrend der zehn Jahre von 1852 bis 1861 ; Bearbeitet von E. Althatc, 
4to, pp. 156, with 4 lithographic plates. Berlin, 1863. — ^This ralaaUs 
collection of statistics of the mineral production of the Prnssian Statei 
for the ten years, 1852-61, is published as a supplement to the 10th toI- 
nroe of the Zeitsehri/t fur das Berg- HutUn- und Salinenwuen in dm 
Preussischen Staate. 

From this we abstract the following in regard to the prodveUooi Ibr 
the year 1861: 

Total Tahie of mineral products, 81,284,628 Tfaalen. 

Kamber of miiMs worked, 8,804 

Knmber of workmen employed, 116,841 

Arenge amount prodooed by eadi mine, 18,687 T1»kia 

" « « workman, 271 

Daring the past twenty-five years the value of the mineral prododi 
has increased sixfold, the number of workmen 8^ times, and the nambir 
of mines has increased from 1587 to 2304. 

We have not space to give further details from this interesting 
collection, but trust that our government will take some such nMxlel ai 
this work for the future reports in regard to the Metallic and Mine- 
ral Statistics of the United States; for the absurdities contained vl 
Mr. Kennedy's "^ Preliminary Report on the Eighth Census^ ^1860), u 
Prof. J. D. Whitney* has pointed out, are such as can only mislead and 
confuse those who resort to Government documents for information in 
regard to our metallic and mineral productions. o. j. b. 

2. Handbuch der metallurgischen Huttenkunde^ von Bruno Kibl 
vol. ii, 8vo, pp. 848, with 8 lithographic plates. Freiberff, 1863^— 
This second volume of the new edition of KerPs work on Metallurgy 
treats of the special metallurgy of lead, copper, zinc, cadmium, tin, m^ 
carr and bismuth. In the first edition these subjects occupied 884 pagsiy 
while in the present volume more than twice the space ia covered by 
them. The completeness and accuracy of Kerl's work commends it not 
only to practical metallurgists, but also to all scientific men who desiis 
to have a correct idea of those principles in chemistry and metallnrgf 
which find so extended an application in the arts, in the extraction of 
the useful metals from their ores. No work on metallui^ with whiefc 
we are acquainted combines so many excellent qualities aa thia ; it H 
exceedingly well arranged and easy of reference, and conscientioasif 
scrupulous in the citation of authorities and in giving referencea to oriA- 
nai memoirs. The classification of processes, and their ilioatration by 

> Pro«. Cb/t/. ^codL Aot /Sci., vol iu, p. e. 
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examples, show that the author is not only matter of his subject as a 
practical roetallamst, bat that he also has rare skill as a teacher in science. 
It is a work that uiould be in erery pablic library, and in the hands of 
every metallurg;ist and practical chemist It is to be completed in fonr 
Tolumea, accompanied with lithographic plates containing drawings of 
fnmaces, etc o. j. b. 

8. £tat pmeHi d€ la MiUMwrgU du Fer m AnghUrre^ par MIf. 
Gruhsr et Lak. 8vo, pp. 850, with nine plates. Paris, 1802. — ^Tbis 
work has for the most part been published in a series of memoirs 
in the Annaln da Mima; bat many who hare not the numbers of 
that Taluable Journal will be glad of the opportunity to obtain as a 
separate book so important a record of the present state of the metal- 
lurOT of iron in EngJa^d, M. Gmner is the Professor of Metallurgy in 
thelmperial School of liincB at Paris, and M. Lan has a like position 
in the School for Mines at Saint EtienncL These gentlemen were sent 
by order of the Minister of Pnblie Affinrs in Franee, in May and June, 
1860, to report upon the iroo districts of Great Britain; they wcie 
offered every fittiliij lor HBakin|^ their investigatiDMi and the results 
which they have pnUished in this Tolnme form a most important con- 
tribution to the miNllnigy of iron. q. m. a. 

4. Btrg- umd HuUamimmmka Jmkrhmck deriLk, Bergaiademem Leth 
ben und Sehimmig, wmi dgrk.k. Momimm-Lekrmmsimii Frtbrmm-B^dak- 
teur: P. Tnma. 9f% MI pp. Wiea, 18d3y— TUs aannal of the 
Mining Academies efLeiribcB asMl gchtnsnita is one of the most important 
repositories of meteBagReal iafomMtionL Tha fntmt Itih Tolnme, 
edited by Dimsor TwHM. « of more than «nai tntefesl, as alaMst half 
of it is taken up with a nfon on the otj eoa of imacBC in meCallargy 
which were contained in the Inleraalional Kahibrtinn at London in 1M2. 

Q.J, n. 

5. I>m Foriadtntte dm mtiaBm^fueiem Hm Utm^twu to im Jmkn, \Ut. 
Dargestellt Ton Dr. CasL Fa. Alkz. HAansAsx. Suth vofnoic; with 
a li£ographic pkaes in 4iMu 8rQ,ppLS^2. Lcifia%. IWI..— This work 
b an annual report nf mt leogitas of nKCaMr^, ^^^^f * review of 
all that is pnbliriwd in nefiri to the moMikmpBt, twsfint of th# 
naeful metals aad sew Jhsas in ii§Md le fadL hiwing nndboMSy and 
furnaces. «^ s, a. 

6. InUrmatimml iTriii ifii ^ 1§«2. Jmrmr Egpmi y CZmt /-« 
Mining^ Qwarrgmf, JMiila^siyji. mmd JBaertS Frudmttt. B^/ftsr, 
WARniROTOV W. Shts. M-A- FE-S. «&& tqi. 44. lyjmiom, \Wt. 
Price 1 shilling aterli^g^^TxB reenxi bas bn: 'yi& !*mdM as, wuA mus'Jk 
that it contains has mrBBCr m«k ?e7<i:i»hBtttfi s :ija ^^Mry. 71^ 
subjects are treated nf in tne £iui:<viDc ornar i — 1. Gmr>||^M luA <//f^/^ 
gpiphical maps and mansw. aoic ^otftnL mleeSAgiMu — t, S'/u^*0^^^ 
mineral substances, ooni easa^iGec. — t. Wgrihitig ^f muttm^ — 4. ^>^ *u4 
other mineral fnekb — S. imiL— 4. Metak ocatf than tf^^^ hmi4^ (^i«»f 
a record of what was tmcmiutc s Omm L i: vm^mm mm-uy v^^^^^mJ^ w^^m 
and statistiGS added W hs jbim^ 76srj?vr. vi#vk yueKk/n as %H*Um¥^ *^ %um». 
ing in the Bojal Sdim nf Mtml wui •sr'jfsr^iM,^:^ m liM^yt^z/f '4 ^^itm 
to the Crown aad to im Inerr si \>jn9iC^ ^m^k h^n* f^;tiW W..iiU» 
for obtaining neennoe ■dismnnut a. ^*9"^ v^ iLtm. eui^/U^ v / i^ 

Am. Joum. 8cL—finoQ»a teaaaiL Tul irxv; 5>^ -j^^ ^^^j^ ^^^ 
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m. GEOLOGY. 

1. Second Annual Report upon the Natural Hiitary and Oedogy cf 
the State of Mavne^ 1862. 448 pp. 8vo. 1868. — ^Thb rolnme eooUin a 
Report on the Fishes of Maine, by Dr. Esekiel Holmes; Notes upon ee^ 
tain Mammals of the State, bj J. G. Rich ; List of Reptiles and Amphibi- 
ans, by Dr. B. F. Fogg; Qeneral obsenrations on Insects, by A. S. rsck- 
ard, Jr. ; Report on the Geology of Maine, by G. H. Hitchcock. 

The Geological Report of rrof. Hitchcock occupies 480 pagee of the 
volume. It describes, first, the soathem portion or the state* ivhere ths 
rocks are mostly metamorphic, and include limestones aa well aa graoitSf 
syenite, gneiss, mica schist, quartzite and other rocks. Portions of the 
Mgion are designated Asoio and Taoonic; but fiicts thus far aaoert»iMd 
do not fix the age of the rocks. After presenting mach Taliiable infix^ 
tnation on this part of the State, it passes to the Scfaoodic r^on, or 
that of the Schoodic Lakes, near the border of New Brunswick, sad 
the northern and unsettled portions of the State. The ezistenoe of fos- 
sils in New Hampshire near Umbagog Lake is announced ; and it ii 
stated that the rock is probably a westward extension of the Orkh 
kany sandstone belt of Maine. Near Moosehead Lake, a mica schist is 
stated to have afforded a specimen of the Fawmtes OothUmdka f On 
Farm Island, sandstone occurs containing ripple marks, and the F\ieoidet 
CaudorGalli. Descriptions of other foseiliferous regions in this northern 

Krtion of the State are given, — the rocks of which are of the age of the 
wer Helderberg, Oriskany sandstone, and Gauda-Galli grit — together 
with lists of fossils. 

On p. 402, it is stated that Dr. Dawson has identified 6 more new spe- 
cies of Devonian plants from Perry, Maine ; making the whole number of 
described North American species of terrestrial Devonian plants 75 ; and 
in addition, there is material on hand for still increasing this number. 
The deposits are supposed to " lie between the Chemung and Hamilton 
groups.'* It is mentioned also that the Devonian of New Brunswick hai 
afforded Mr. Harlt the wings of insects. 

The Report also contains new facts on the Post-tertiary glacial scratches 
and other phenomena. — We cite the following on Glacial aetioa aboot 
Penobscot Bay, from an account at p. 882, by J. De Laski. 

^^ Ancient Glacial Action in the Southern part of Maine. 

To Ma. Georob L. Goodale — Dear Sir : — I herewith comply with your 
request to furnish for the ensuing Report of the Scientific Survey of the Stats 
of Maine, an account of my examination of the boulder evidence of the Pe- 
nobscot bay. 

From careful personal examination of the surface of the islands and bordeis 
of the ^at fiord of the southern coast of Maine, I have been forced to the 
conclusion that a glacier once ocqppied that margiu of the state, of a ma^ 
tude sufficient to cover the highest hills of the region, and to extend far uto 
the interior towards the north. From a glance at the correct county maps of 
the locality, we observe that the general trend of the islands, headlaodi, 
streams, lakes, harbors, creeks, coves, &c., is north-south, suggesting sooie 
law of formation. In these directions, I make no allowance for magnetic 
variation, which is considerable in the Penobscot bay. There are, indeed, 
departures from this rule as in the east-west direction of the great thoroogb- 
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&re lepttrating the Fox Islandsj where the nattqwl boundaiy between the 
two towns was set up at an infinitely earlier period than that of the boulder 
9Lge ; for the irruption of the trap of North Haven broke through the granite 
and Taconic slates in a line corresponding to this trend. 

We also find the hills not rounded and rouffh, but having an elongated ap- 
pearance, and a trend also north-eouth, as if tneir sides had been subjected to 
a gigantic system of sculpturing, on the design that these, too, should be di- 
rected towards the south. And turthennore, these hills, even where they attain 
an elevation of one and two thousand feet, as those of Camden and Mount 
Desert, present gradual slopes to the north and bold fronts to the south ; and, if 
of granite, they are broken down more or less into step-like precipices of east* 
west parallels, the debris of which has not been accumulated into taluses, 
but has been transported south a litUe distance, often more and more com- 
minuted as we advance. 

The formation of the coast is srenitic granite, bordered here and there with 
a marffin of trap or of Taconic slates, highly altered in places, and often con- 
verted into cherty fiints as on Isle au Haut — and fumisnes, from the general 
barrenness of the surface, a good opportuni^ to study the boulder phenomena. 
And this surface is everywhere ridged into furrows, often very deep and in the 
usual direction of the valleys, dLc, and presents tlie finest examples of em- 
bossed rocks as described by Charles H. Hitchcock in his Elements of Geol- 
ogy. This is so remarkably the case that one might, in the foggiest weather, 
easiljf point out north, south, d&c, by looking at these rocks ; for they represent 
in minature, the hills and mountains of the coast as I have describea them. 
Transverse indentations are everywhere common — lunoid furrowi^ I have 
called them — ^from an inch in length to four and five feet, having their horns 
pointing towards the northeast and northwest, and their steep walls facing 
the south. JliueJurrowSf in all casts^ are n^fieient to tell the cardinal painta ^ 
the eon^MUi 08 one passes along over thim. 

Everywhere, too, the boulder striie may be found on the south sides of these 
hills at their bases, and on their sides when dipping at large or small angles 
towards the east or west, in as finely developed examples as are found on their 
northern slopes. It is a fact beyond controversy, that the boulder phenomena 
in the Penobscot bay are sui generis in character, and owe their existence to 
one agent and the same period. 

I have found these boulder striae four hundred feet high on the side of Isle 
an Haut hill — which is five hundred feet above the sea — and on the southern 
brow of Meffunticook, overlooking a precipice of two or three hundred feet, and 
twelve hun£ed feet above Camden harbor. Mount Battie, south of that moun- 
tain, the nearest to the village of any of those hills, and composed of quartz- 
ose conglomerate, is everywhere scored and scratched, and has a veiy abrupt 
southern face. Vast masses of rock have been torn from it in this direction, 
and lie around its base. One large boulder here, about forty feet long, must 
weigh not less than six hundred tons. 

Tnere is a series of terraces in Vinalhaven, as you remember, seven hundred 
yards lon£, rising one above another, the last wall of which forms the highest 
margin of a dell running nearly due north-south unbroken for four hundred 
yards, and from twenty to thirty feet deep, and fifty yards wide. This is a 
trough cut out of the solid granite — a gigantic and splendid specimen of Na- 
ture^ sculpturing with her rude stone chisels — all she needed in those days, 
when she bad a vast duration of time before her to prepare a barren country with 
fruitful soils for the prospective worker, man. Towards the northern extremity 
of this rim, which is one hundred and fifty feet above the sea, there stands a 
high rock overlooking the village, apparently in its native bed, presenting a 
vertical wall towards the south twenty feet high above the soil, and twenty- 
four broad. No blasting by art, however carefully conducted, could perform 
a better operation. If Uiis rock be a boulder, as you and I doubted, it must 
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weigh upwards of a thooiaiid tona. Bat many tbooaand tooa fhn the Modi 
of it are utterly removed. Going a little further north, we reach one of the 
highest hiJls in the town, of granite, two hundred and fifty feet To the noitli, 
we look away down upon a tide ** river,** now a mile long; but once three, 
before the land obtained its present height ; and earlier still, very much lon- 
ger. Looking around towards the east and south, we glance over a spaciooi 
■ lit meadow, a densely wooded valley, and a large salt-water pond. Thii 
d spression must have been cut out of a comparatively level cmst From coa- 
tinued examination of the subject during the last few years, I have sees 
nothing to induce me to believe that the granite had been materially changed 
from a horizontal position before Uie boulder period, as those north-south 
depressions might suggest But what was really the depth of the denundatioo, 
can only be vaguely conjectured ; but I have no doubt that it has been miDy 
hundred feet 

The island of Mt Desert exhibits the boulder phenomena in a more won- 
derful degree than those places I have mentioned. 1 presume you hne 
thoroughly explored the locality. You see the southern brows of those klfy 

granitic hills everywhere crushed and broken into fearful precipices ; whereti 
le sides turned to the north present plains of greater breadth, and dip it 
much smaller angles down towards the level country beyond. The grett 
granitic boulders lie at their southern foot; and those specifically thesune 
but of less magnitude, and transported the fkrthest off, are more worn and nxn- 
ded. We have here, as elsewhere in the Penobscot bay, the evidence that it 
was the special business of the great denuding agent to cover the bairea 
surface with soils, and that those soils are the result of local detri tu s g i tw i i) 
clays and sands crushed and ground from the detached rocks. 

On the Taconic slates beyond these mountains, towards Ellsworth, we hKUt 
the debris of the Taconic formation. Still bevond, through Dedham, we htfe 
a granitic fiirmation, and the granitic boulders are in most wonderffal po- 
fusion and of great magnitude. They were derived fVom the hills a fattle 
way toward the north. The same peculiarity may be said of North HaTeo 
above Vinalhaven. On that island, prineipaJlv a trap region, you see trip 
boulders and rubbish. In the northern part of Vinalhaven where the Tacooie 
slates are highly altered, you see. boulders of the same character; on the 
granite below, granitic rocks ; and still farther beyond, where the syenite hii 
apparently been altered, the ruins of homblendic rocks are found. 

Around one of the quarries to the west of Carver's harbor, the ground ii 
literally covered with boulders, some of which are enormous. After repeated 
attempts, I could not make out more than five per cent of foreign rocks amoof 
them. Many of these, tamed out of their oeds, exhibit the polishing aul 
scratching of the common floor-rock of the island. Furthermore, if carefully 
turned over, we find some of them left just where they had last been eoi- 
ployed in scratching the ledges, the parallel scratches of the boulder beiiif 
placed parallel to those of the rock beneath. Of these foreign boulders we 
often have little or no evidence as to their origin. We have specimens of 
red and blue granite, trap, ffneiss, mica schists, clay slates, and fossiliferooi 
sandstones from the Katahdin region. We can well suppose them to have 
been dispersed by icebergs, or borne as freight to tiiese localities by slowly 
moving glaciers. • • • ♦ <r 

My conclusions, therefore, from the facts which I have enumerated, are, 
that a glacier once filled the basin between the Camden hills on the west, and 
those of Mount Desert on the east, forty miles wide — extended to a greet 
distance north, involving several hills beside those mentioned of a thouHmd 
feet high, and certainly not less than three thousand feet thick. 

Very truly yours, 

December, 1862. Johh DxLaskl 
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S. Fo$9il Orustaeeantfrom the Goal Measures and Devonian JRoeke ef 
Brituh America; by J. W. Saltkr, (Q. J. Geo). Soc., xix, 75, and plate.) 
— ^The specimens described were furnisbed Mr. Salter hj Dr. J. W. Daw- 
aon. Tbe Devonian species are frona St Jobns, New Brunswick ; one is 
a small Burypterue; for tbe otber, of undetermined relations (but sup- 
posed to be possibly related to the Squilla group), the new genus AmphU 
peliee is instituted. The Carboniferous specimens are from the Joggins, 
Nova Scotia, and belong to two species, one a EurypUruBy the other re- 
nrded (and apparently with good reason) an Amphipod^ and named 
j)ipio9t^u9 Daweoni, 

Z. On the Cambrian and Huronian Formations; by J. J. Biosbt, 
(Q. J. Qto\. Soc, xix, 36). — ^The author reviews in Part L the facts with 
r^iard to the Cambrian, and, in Part II, those respecting the Huronian 
mmatioo of Canada ; and he conclndes that the Huronian is not Cam* 
briaDy but more closely related to the Laurentian or Azoic. 

4. On the Lower Carboniferous Brackiopods of Nova Scotia; by 
Thomas Davidson, (Q. J. Geol. Soc., xix, 168). — Besides remarks on the 
q)ecies under consideration, Mr. Davidson gives his opinion, as follows, 
with regard to the Paleozoic relations of the Permian. He says, that 
^Although there exist in the Permian formation some new forms which 
may recall to mind some which existed in the Mesozoic period, it must 
be allowed that that number forms the minority, and that, on the con- 
trary, the great bulk of the Permian species, to whatever class they may 
bslonffy^hem the most positive Paleozoic stamp, and that the species are 
in many cases the same that lived in the Carboniferous era, and some 
eveo in the Devonian." 

5. On fossil Ustheriof^ and their distribution; by T. Rupert Jonxs, 
(Q. J. Geol. Soc, xix, 140). — The Ostracoid Crustaceans, called Estherim 
(formerly referred in part to the Molluscan genus Posidonia)^ are the sub- 
ject, in this important paper, of brief general remarks, and several of the 
species of special criticism or elucidation. The species range from the 
Devonian, through the Carboniferous, Permian, and Triassic, to the Oolite 
and Wealden, and one species is queried as to its being Tertiary. They 
are supposed to be all either fresh-water or brackish -water. The Estherim 
of the Triassic beds of Pennsylvania, Virginia, and North Carolina are all 
referred by Mr. Jones to one species, for which he adopts Lea's name E. 
avaia. The E. ovalis of Emmons was published in the same year, but 
apparently in a later month of the year. 

The fossil shells from tbe Carbonit'erous beds at Pottsville in Pennsyl- 
vania, named by Lea Cypricardia Leidyi^ Mr. Jones regards as a new 
genus of Ostracoids, and names it Leaia^ giving the species the name 
Leaia Leidyi, It is closely allied to a species from the Lower Carbonif- 
erous of Fifeshire, England. 

6. On a new Labyrinthodont Reptile^ Anthracosaums RushIU^ from 
ike Lanarkshire Coal-field; by T. H. Hcjxlet, (Q. J. Geol. Soc., xix, 66). 
— ^The fossil is a part of a skull, measuring 15 inches in length and nearlv 
12 in breadth. Besides this, there are vertebral bodies and a rib which 
probably belong to the Anthracosaurus, Professor Huxley regards the 
species as related to the Triassic Masiodonsaurus, He observes that the 
vertebrae closely resemble in section the vertebrae of the Eosaurus (from 
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tba Jogpnt) dMeribed by Mr. Manh; and he saggwto that the Som^ 
rian vertebra may have beloooed to a Labyrinthodoot, or to a speciei 
between a Liabyrinthodont and an IchtbyoeanriaD. The beat preaarfed 
rib is 6^ inches long and half an inch broad. 

The two types of species which have been called Labyrinihodonta are 
that of the AaoBBOosAuaa [Oanocephala of Owen, but tnie OunoUU ac- 
cording to Agassiz], most abundant in the Carbohiferoos; and that of tbs 
If ASTODOMSAuaa (genera, MatU)d<miauru9j Labyrinthodon^ Ctgnkmumu, 
Tnmatotaunu)^ common in the Triassic The Areke^omurg had, as f on 
Meyer has proved, a persisleni branchial apparaiuB. Nothing ia known 
as to whether this was true or not of the Ma$toioMour9* With re- 
wect to the J)enderpe(on and HyUmomut of Nova Scotia, diaeovered by 
iSawson, and recently referred to the Arehigo9aitur mup by Owen, aid 
with regard also to the Bankept of Wyman and the MyUrpeiam of Owes, 
Professor Huxley remarks that it is not yet safe to decide whether thdr 
a£Bnities are Archegosaurian or Mastodonsaurian. 

7. Annivtriary Addreu be/or€ the Oeohpical Soekiy of Londcn, Feb. 
20, 1863, by Prof. A. C. Ramsat, President of the Society. 26 pp. 8fO. 
— At the annual meeting, before the Address of the President, the Wol- 
laston Medal was awarded to Gustav Bischof of Bonn, and the Wollaston 
Donation-fund to Pro^ Sneft. Prof. Ramsay, after brief notioca of mem* 
bere deceased during the year — Richard Trench, Dr. C 0. v. Leonhsrd, 
Robert Raid, Rev. James Gumming, J. G. Nesbit, Dr. H. G. Dronn, B. ds 
Doue, Dr. T. S. Trail and Marquis of Breadalbane, — takes np the (6pic of 
his discourse — ^Breaks in tlie succession of the British Paleozoic strata. 

8. On the production of cryetailine limeetone by heoL — ^In this Jornrml^ 
vol. xxxii, p. 112, an abstract is given of Rose's experiments on the 
deportment of carbonate of lime at a high temperature. Among other 
interesting conclusions drawn by Rose, be says that ** chalk or compsct 
limestone cannot be converted into ciystalline limestone (or calc-spar) by 
exposure to a high temperature in closed vessels, and, as a general fact, 
that rhombohedral carbonate of lime is not formed in the dry way.' 
Further, '* that the so-called crystalline marble, obtained by Sir Jamei 
Hall in his experiments, was probably nothing more than a slightly 
coherent but otherwise unaltered mass, which Hall erroneously consid- 
ered to be crystalline marble.'' 

Rose states, in a recent communication to the Berlin Academy of 
Sciences, that be was not entirely satisfied with his former resnlti, 
especially as Dr. Homer, President of the Geological Society of London, 
assured him that he had inspected the specimen of marble made by Sir 
James Hall, and that it differed entirely from the amorphous prodoet 
obtained in the BeHin experiments. Rose, therefore, repeated his invee- 
tigations on the subject, and has now obtained results which differ entirely 
from those he formerly published, and which fully confirm the correctnetf 
of Sir James Hall's conclusion, that marble can be produced by exposing 
massive carbonate of lime to a high temperature under great pressure. 
The experiments were made with aragonite from Bilin, in Bohemia, and 
with lithographic limestone. In one case, the mineral waa heated in i 
wrought-iron cylinder, and in the other, in a porcelain bottle, special pre- 
cautions being taken to exclude the air, and make the vessela as near ti^ 
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dgbtaftponiUe. Th€M were exposed to a white heal for half an houf, and, 
on coding, both the aragonite and the lithographic limestone were found 
to be converted into crystalline limestone, Uie former ? erj much resem- 
bling Carrara marble, and the latter a grayish-white granular limestone. 
The change took place without anv material decomposition, the resulting 
marble containing a trifle less carbonic acid than the lithographic lime- 
atone from which it was produced. — Popff^ Afin^ cx^iii, 565. g. j. b. 

0. On th$ Fhra of the Jkvonian Period in NcrthemMtem America: 
Appendix; by J. W. Dawson, LL.D., F.6.S., Principal of McGill Uni- 
Tenity, Montreal (Q. J. Geol. Soc., 1868. Read Dec 17, 1862). — In 
a recent visit to Perry, the author (with the aid of Mr. Brown, of that 
place) thoroughly examined the present exposure of the plant-bearina 
bed. Among the specimens obtained were the following. (1.) Wood 
of a Conifer of the genus Deidoxylcn. (2.) A new SUgmaria of the 
type of S, exigua, {Z.) Specimens of Lqnaoitrobui Bithardwni^ show* 
ing it to have been Uie fructification of a new and interesting species of 
LyeopodiUs, (4.) Another species of Lyccpodites allied to L, Erdmanni 
Oermar. (5.) A new species probably of the genus Anarthrocanna 
Gceppert (6.) A new CordaiUi, (7.) More penect specimens of Cy* 
dopterii BrownianOj showing it to have been a large and beantifrd 
flabellate leaf or frond, possibly identical with that from the Upper 
Devonian of Pennsylvania, figured by Prof Rogers, in his Pennsylvania 
Report^ vol. ii, part 2, pi. 22.* (8.) A Fern allied to Cyclopterie Jack* 
soRf, but with a stem similar to that of (7. Roemeriana Gceppert (9.) New 
species of iS|pA«nop(eru, TVtcAomonttet and Carpolitee. (10.) Specimens 
of Leptqphiceum rhomhUum, showing its leaves and fructification. These, 
with some interesting specimens recently coUected by Mr. K. Bell, of 
the Geological Survey, at 6asp6, Dr. Dawson hopes to describe in a 
fntnre paper. 

IV. BOTANY AND ZOOLOGY. 

1. Dimorphism in the Flowers of Idnum, — Referring back to our 
brief note upon the subject of dimorphous flowers in this Journal for 
Nov., 1862, and more particularly to Mr. Darwiu's remarkable paper on 
the two sexual forms in Primula (in Jour, of Linnauin Society, no. 22), 
we wish now to call attention to some still more curious observations and 
experiments of Mr. Darwin, which were read to the Linnsan Society in 
February last, and are just published in the 26th no. of its Journal, The 
paper is entitled : ^ On the Existence of two forms, and on their recipro- 
cal Sexual Relations, in several species of the genus Linum.^ The prin- 
cipal case is that of the crimson lAnum grandifiorum, which is now com- 
mon in gardens, and, as it flowers the whole summer long, is freely offered 
to the inspection of the curious. Dimorphic genitalia bad hardly been 
noticed in the genus Linum. In the common cultivated Flax, it seems 
not to occur; but Planchon, in his Monograph, published 15 years agro, 
had noticed two or even three different states as to the relative length of 
the stamens and styles in Z. perenne and L» salsoloideSy and had even 
conjectured that this dimorphism might have some influence on the man- 

* A portion of this fifpire ia reproduoed in J>ana*9 Manual of Otology , in fig. 
984, p. 750. 
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ner of fertilisation. Bat this bad been wbolly orerlooked ^ m ancii eon- 
mon gfarden-flowers an L. grandiflorum and Z. fiavum^ until Mr« D•^ 
win detected it, and worked out tbe case to the striking results whidi 
we record below, chiefly in his own words. 

*^ The crimson lAnwn f^andi/hrum presents two forms, occorin^ in shoot 
Mual numhers, which differ little in structure, hut greatly in function. Ths 
foliage, corolla, stamens, and pollen (examined dry and distended with water) 
are alike in both forms. The difference is con6ned to the pistil : in the oos 
form, which I will call ** short-styled,** the column formed by the united styles 
and the short stigmas together is about half the length of the whole pistil ia 
the other and ** lonff-styled " form. A more important distinction is, that ths 
fife stigmas in the short-styled form diverge greatly from each other, and ds« 
out between the filaments of the stamens, snd thus lie within the tube or ths 
corolla. In the long-styled form the elongated stigmas stand nearly upright 
and alternate with the anthers. In tliis latter form, the length of the stigmss 
varies considerably, their upper extremities projecting even a little above ths 
anthers, or reaching up only to about their middle. Nevertheleaa, there is 
never the slightest difficulty in distinguishing between the two forms ; fiv, be- 
sides the difirerence in divergence, the stigmas of the short-styled form never 
reach even to the bases of the anthers. In the short-styled, the papillc on 
the stigmatic surfaces are shorter, darker-colored, and more crowded together 
than in the long-styled form : but tliese difierences seem due merely to ths 
ihorteninjr of the stigma; for, in the varieties of the long-styled fonn witb 
shorter stigmas, the papille are more crowded and darker-colored than in thoM 
with the longer stigmas. Considering the slight and variable differences be- 
tween the two forms of this Linum^ it ii not surprising that tbey have bees 
hitherto overlooked. 

"In 180], I had eleven plants growing in my garden, eight of which were 
long-styled, and only three short-styled. Two very fine loog-etyled phots 
grew in a bed a hundred yards off, and separated from the others by a screen of 
evergreens. I marked twelve flowers, and put on their stigmas a little pollen 
firom the short-styled plants. The pollen of the two forms is, as stated, iden- 
tical in appearance; the stigmas of the long[-8tyled flowers were already 
thickly covered with their own pollen, — so thickly that I could not find coe 
bare stigma ; and it was late in the season, namely, September 16th. Alto- 
gether, to expect any result from this trial seemed almost childish. From my 
experiments, however, on Primula, which have been laid before thie Socie^ 
{Journal^ vi. 77), I had faith, and did not hesitate to make the trial, bot 
certainly I did not anticipate the full result The germens of these twelve 
flowers all swelled, and ultimately six fine capsules (the seed of which germ- 
inated this year) and two poor capsules were produced ; only four capsulef 
shanked off These two plants produced, before and after and at the tmie of 
the trial, a vast number of flowers, but the germens of not even one eweUed. 
All these flowers, though their stigmas were so densely covered Mrith their 
own pollen, were absolutely barren. 

** The nine other plants, six long-styled and three short-styled, grew in tbe 
beds of the same flower-garden. Four of the long-styled piDduced no seed- 
capsules ; one produced two ; but the remaining long-styled plant grew so 
close to a short-styled plant that their branches touched ; and this produced 
twelve capsules, but they were poor. The case was difierent with the short* 
styled plants. The plant which grew in iuxtaposition with the long-styled 
plant produced ninety-four imperfectly fertilized capsules, containing a multi- 
tude of bad seeds, witb a moderate number of good seeds The two otfaff 
short-styled plants grew in a single clump, and were very small, being partly 
smothered by other plants ; they did not stand very close to any loag-stykd 
plants, yet they yielded tocrether nineteen capsules. Thesy fiiicts seem tf 
show that the short-styled plants are far more fertile with their own pollen than 
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10 kiDg-atyl^. We •fatll imme^telj tee tint thif k the €ue in c sllgfat 
^gree. But I suspect that in thie instance the difference in fertility between 
e two forms was in part due to a distinct cattee. I repeatedly watched the 
)wers, and only once saw a humble-bee momentarily alight on one, and then 
f away, as if it were not to its taste. If beee had visit^ the several plants', 
ere cannot be a doubt that the fodr long-styled plants whi<;h did not produce 
single capsule would have borne an abundance. But several times ( Stiir 
oall Diptera Sticking the flowers; and these insects, though noi visiting the 
>wers with anything like the re^larity of bees, would c%rry a little pollen 
om one form to the other, especially when growing close together ; and tbe 
igroan of the short-styled plants, diverging within the tube of the corolla, 
onld be more likely than the Upright stigmas of the long-styled (6 receive a 
nail quantity of pollen when brought l)y small insects. From the moeh 
neater number of long-styled than of short-styled flowers in the garden, 
rtdently the short-styled would be more likely fb receive some ]N>llen from 
le long-styled, than the long-styled from the short-st^led# 

** In j8G2, I raised thirty-four plants of this Lxnum in a hotbed ^ and these 
insisted of seventeen long-styled and seventeen short-styled forms. Seed 
»wn later in the flower-garden yielded seventeen long-Styled and twelve 
lort-etyled forms. These facts justify the statement that Che two forms are 
"oduced in about equal numbers. The first thirty«four plants were kept un- 
sr a net which excluded insects. I fertilized heteromorphicall/ fourteen 
)ng-styled flowers with pollen from the short-styled, and got eleven fine seed* 
ipsules ; these contained on an average 8*6 seeds per capsule, but only 5'6 
ere apparently good. It may be well to state that ten seeds is the maximum 
Msible production for a capsule, and that our climate cannot be very favor- 
ite to this North-African plant On three occasions, I fertilized homomor- 
lically the stigmas of altogether nearly a hundred fliowers (but did not sepa^ 
Ltely mark them) with their own pollen, but taken from separate plants, so as 
\ prevent any passible ill effects from close interbreeding; and many other 
OMfers were produced^ which, as before stated, would get plenty of their own 
idividual pollen ; yet from all these flowers, borne by the seventeen long- 
yted plants, only three capsules were produced ; one of these included no 
sed, and the other two together jgave only five good seeds. Nor do \ feel at 

11 sure that this miserable product of the tviro half-fertile capsules from the 
sventeen plants, each of which must have produced at least fifly or sixty 
owers, is really the result of their fertilisation by their own pollen; for I 
lade a great mistake in keeping the two forms under the same net, with their 
ranches oflen interlocking ; and it is surprising tliat a greater number of 
owers were not accidentaly fertilized. 

** Of the short-styled flowers, I fertilized heteromorphically twelve with the 
ollen of the lonsf-styled (and to make sure of the result I previously castrated 
le majority), and obtained seven fine seed-capsules. These included an aVer- 
ge of 7-6 seeds, but of apparently good seed only 4*3 per capsule. At three 
3p3Lrate times, I fertilized homomorphically nearly a hundred flowers with 
leir own-form pollen, taken from separate plants; and numerous other flowers 
'ere produced, many of which must hive received their own pollen. From 
11 these flowers borne on the seventeen plants, only fifteen capsules wete 
roduced, of which only eleven contained any ^ood seed, on an average 4*2 
er capsule. As remarked in the case of the long-styled plants, some even 
f these capsules were perhips the product of a little pollen accidentally 
illen from the flowers of the other form. Nevertheless, the short-styled plants 
Bern to be slightly more fertile with their own pollen, in the proportion of 
fleen capsules to three, than the long-styled : the real proportional excess in 
srtility is probably a little greater, as the short-styled flowers, when not dis- 
ilrbed, do not so surely receive their own pollen as do the longr-styled. The 
reater self-fortility of the short-styled flowers was, as we have seen, also 
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■bown bj the plants left to titemeelree, and but sparingly yistted by insedii 
in the flower-garden in J 861, and likewiee by those raisM in 1863.* 

Next, with the view of ascertaining the immediate cause of this almost 
absolute sterility of long-styled pistils with their own form of pollen, 
and in a less degree of short-styled pistils with their own form of pollen, 
a series of experiments was made, in which pollen of either sort was ap- 
plied to the stigmas of either sort, and the stigmas were dissected under 
the microscope, after an interval of 24 hours or less. When pollen of a 
short-styled nower was applied to the stigmas of a long-styled^ and like- 
wise when, conversely, that of a long-styled flower was applied to the 
stigmas of a short-styled, a microscopical dissection showed that the 
stigmas were freely penetrated by numerous pollen-tobea. But when 
homomorphic unions were attempted, no pollen- tubes, or scarcely any, 
were emitted ; even after an interval of three days the stigmas remained 
straight and fresh-colored, and the pollen inactive. When two or thres 
of the stigmas were dusted with their own form of pollen, and the others 
with the opposite form, the difference was striking ; the former stigmas 
remaining straight, fresh, and unpenetrated or nearly so, while the Uttor 
were soon discolored, twisted, half-shrivelled, and penetrated by a malti- 
tode of pollen-tubes. 

" This seems to me a remarkable pbvsiological fact The pollen-graios of 
the two forms are undistinguishable under the microscope ; the stigmas differ 
only in length, de^e of divergence, and in the size, snade of color, and ap* 
proximation of their papillae, these latter difierences being variable and appi^ 
ently simply due to tlie elongation of the stigma. Yet we plainly see that the 
two pollens and the two stigmas are widely dissimilar in action, the stiginas 
of each form being almost powerless on their own pollen, but causing, throng 
some mysterious influence, by simple contact (for I could detect no viscid 
secretion), the pollen-grains of the opposite form to potrude their tubes. It 
may be said that the two pollens and the two stigmas by some means mutually 
recognize each other. Taking fertility as the criterion of distinctness, it is oo 
exaggeration to say that the pollen of the long-styled lAnum gnmiHfionm 
(and conversely of the other form) has been differentiated, with respect to tiie 
stigmas of all the flowers of the same form, to a degree corresponding with 
that of distinct species of the same genus, or even of species of distijict 
genera." 

The results are nearly the same in L, perenne, except that pollen-tubes 
were found to be produced in attempted homomorphic unions, but either 
they did not reach the ovules, or tney did not act on them. *^ Neither 
pollen when placed on its own stigma causes fertility, except occaaionslly 
and in a very moderate degree." The following remarks neatly discrim- 
inate between the action of the wind and that of insects in carrying 
pollen. And then the twisting of the long styles in L, perenne and tlM 
divergence of the short ones in both species are noteworthy : 

** Botanists, in speaking of the fertilization of plants or of the production of 
hybrids, oflen refer to the wind or to insects as if the alternative were indif' 
ferent This view, according to my experience, is entirely erroneous. When 
the wind is the agent in carryiufi^ pollen, either from one separated aez to the 
other, or from hermaphrodite to hermaphrodite (which latter case seems to be 
almost equally important for the ultimate welfare of the species, though oocin«> 
ring perhaps only at long intervals of time), we can recognize struc tu re ai 
manifestly adapted to the action of the wind as to that of insects wb«i tbev 
are the carriers. We see adaptation to the wind in the incoherence of thepol- 
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leu, in the iDordinate qaanti^r prodnced (m in the ConifenB, Spina^, dic.)^ in 
tke danglinff anthers, well fitted to shake out the pollen, in the absence or 
small size of the perianth, or in the protrusion of the stigmas at the period of 
fertilisation, in tne flowers being produced before thej are hidden by the 
leaves, in the stigmas being downy or plumose (as in the Graminee, Docks, 
and other plants) so as to secure the chance-blown grains. In plants which 
are feitiliied by the wind, the flowers do not secrete nectar, their pollen is too 
incoherent to be easily collected by insects, they have not bright-colored co- 
rollas to serve as guides, and they are not, as far as I have seen, visited by 
insects. When insects are the a^nts of fertilization (and this is incomparably 
the more ^equent case, both with plants having separated sexes and with 
hermaphrodites), the wind plays no part, but we see an endless number of 
adaptations to ensure the safe transport of the pollen by the living workers. 
We can recognize these adaptations most easily in irregular flowers ; but they 
do not the less occur in perfectly regular flowers, of which those of Lmum 
ofer an instance, as I will almost immediately endeavor to show. 

'^ I have already alluded to the rotation of each separate stigma in the 
loDg-stvled form alone of Linum pertnne. In the other species examined by 
roe, and in both forms when the species are dimorphic, the sti^^matic surfaces 
hce the centre of the flower, and the furrowed backs of the stigmas, to which 
the styles are attached, face the circumference. This is the case, in the bud, 
with the stigmas of the long-styled flowers of L. pertnne. But, by the time 
the flower in this form has expanded, the five stigmas, by the torsion of that 
part of the style which lies beneath the stigma, twist round and face the *cir- 
cnoiference. I should state that the five stigmas do not always perfectly turn 
roond, two or three often facing only obliquely towards the circumfereoce. 
My observations were made during October ; and it is not improbable that 
earlier in the season the torsion would have been more perfect ; for after two 
or three cold and wet days the movement was very incomplete. The flowers 
should be examined shortly after their expansion ; for their duration is brie^ 
and, as soon as they begin to wither, the stales become spirally twisted to- 
gether, and the original position of the parts is lost 

** He who will compare the structure of the whole flower in both forms of 
2fc pennnt and grandiflorum, and, I ma^ add, of L.Jlav%un^ will, I think, enter- 
tain no doubt about the roi^aning of this torsion of the styles in the one form 
alone of L, perenne, as well as the meaning of the divergence of the stigmas 
in the short-styled forms of all three species. It is absolutely necessary, as 
we now know, that insects should reciprocally carry pollen from the flowers 
of the one form to thcjse of the other. Insects are attracted by five drops of 
nectar, secreted exteriorly at the base of the stamens, so that to reach tliese 
drops they must insert their proboscides outside the ring of broad filaments, 
between them and the petals. In the short-styled form of the above three 
species, the stigmas face the axis of the flower; and had the styles retained 
their original upright and central position, not only would the stigmas have 
pesented their backs to insects as they sucked llie flowers, but they would 
nave been separated from them by the rinff of broad filaments, and could never 
have been fertilized. As it is, the styles diverge greatly and pass out between 
the filaments. The stigmas, being short, lie within the tube of the corolla; 
and their papillous faces, after the divergence of the styles, being turned up- 
wards, are necessarily brushed by every entering insect, and tlius receive tlie 
required pollen. 

** In the lon^-styled form of L, f^andijlorvmy the parallel anthers and stig- 
mas, slightly diverging from the axis of the flower, project only a little above 
tiw tube of the somewhat concave corolla ; and they stand directly over the 
•pea space leading to the drops of nectar. Consequently, when insects visit 
tne flowers of eiSier form (for the stamens in tliis species occupy the same 
position in both forms), they will get their proboscides well dusted with the 
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etthenttit pollen. As soon af the insect inserts its proboscis to a litUe 6e^ 
Into the flower of the long-styled form, it will necessarily leave pollen on tbs 
faces and margins of the lonc^ stigmas ; and as soon as the insect inserts its 
proboscis to a rather greater depth into the short*styled ilowers, it will lea?e 
ptillen on their upturned stigmatic surfaces. Thus the stigmas of both fbnni 
will indifferently receive the pollen of both forms ; but we know that the 
pollen of Uie opposite form alone will produce any effect and cause fertil- 
isation. 

** In the case of L. ptrtnnty affairs are arranged a little more perfectly; for 
the stamens in the two forms stand at different heights, and pollen will adhere 
to different parts of an insect's body, and will generally be brushed off by the 
jtigmas of corresponding height, to which stigmas each kind of pollen is 
adapted. In this species, the corolla is flatter, and in tlie one form the stig- 
mas and in the other form the anthers stand at some height above the roeuu 
of the corolla* These longer stigmas and longer stamens do not diverge 
greatly; hence insects, especially rather small ones, will not insert their 
proboscides between the stigmas or between the anthers, but will strike 
against them, at nearly right angles, with the back of their head or thorax. 
Now, in the long-styled flowers of L. pirenntj if each stigma had not lotated 
on its aj(is, insects in visiting them would have struck their heads against the 
backs of the stigmas ; as it is, they strike against the papillous fronts of the 
stigmas, and, their heads being already charged with the proper coherent 
pollen from the stamens of corresponding height borne by the flowers of the 
othftr form, fertilization is perfectly effected. Thus we can understand the 
meaning of the torsion of the styles in the loiig-styled flowers alone, as well 
aa their divergence in the short-styled flowers.*^ 

Zinum Lewisii 19 inferred to be distinct as a species from L. perenne 
on the ground of Planchon's remark, that the styles are in the Mine 
specimen sometimes equalling, sometimes shorter, and sometimes longer 
than the stamens. The inference may not be correct : and although the 
plant is said to extend northward even to the shores of the Arctic sea, it 
does not specially belong to the *^ Arctic Zone," but abounds on the West- 
ern plains. 

A remark in this interesting paper lets us know that Mr. Darwin has 
detected trimorpldsm^ viz: three distinct forms, each of which produces 
two kinds of pollen, in Lythrum Salicaria^ neither pollen when placed 
on its own stigma producing fertility, "except occasionally and in a very 
moderate degree ; yet the pollen-tubes in each case freely penetrate the 
stigmatic tissue, ** Ilere the number of heteromorpbic and therefore 
fertile unions possible is largely increased. These degrees of sterility in 
Lomomorphic unions, — from complete inertness of the pollen to the oc- 
casional production of an ineflicient pollen-tube, to the copious produo- 
tion of inefficient pollen tubes penetrating the style, and to the occasioDal 
fertilization of an ovule, — are very noteworthy, and Mr. Darwin will 
some day turn them to account in his own way. ^^Natura non affit w/- 
talim,^\ Let us add, in conclusion, that when such fine biological diaooT- 
eries are so readily made by the study of some of the commonest planti, 
no botanical student^ however restricted liis range, need slumber for lack 
of occupation, nor suppose that the field is exhausted. Out of old fields 
indeed, not only comes all this new corn from year to year, but soek 
gleanings as these are richer far in interest than any crop of new specki 
from a virgin soil. a. 0. 
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2. Vatf Alton and Minulie Analogy in Lepidoptera.-^'Mr, Bates (wboM 
iteresttng boc^k of trnveU, The Nalaralitl on the River Amazon^ is ei- 
itin|a^ much attention in England, and wliich we trust will lie reprinted 
ere) has contributed an elaborate paper to the Traneactione of the 
iinnatan Society, vol xx'iil (1862), entitled Conlributione to the Ineeei 
''auna qf the Amazon Valley, Lepidoptera^ HeUconxdai. The nQRterials 
ere gathered bj the author during eleven years of travel and research 
1 the Amazon region. The introduction to this paper treats, among 
ther subjects, mo^t largely of the highly curious one above referred to^ 

6., the extraordinary mimetic resemblance which certain butterflies pr«" 
mt to other butterflies belonging to distinct groups. There are also 
^llections of pregnant facts upon variation and divergence into races. 
V^e had marked many pages for extract ; but room has not been found 
»r them. It seems less needful to copy large parts of Mr. Bates' narra- 
ve now, since a good abstract of his paper has recently appeared io 
le Natural Hieiory Review. The Itearing of Mr. Bates' observations 
lay be inferred from the remark of his reviewer: **it is hardly an exag« 
eration to say, that, whiUt reading and reflecting on the various facts 
iven in this memoir, we feel ourselves to be as near witnesses as we can 
rer hope to be of the creation of a new species on this earth." The two 
ibjects, variation and simulation, as may be inferred, are considered io 
?spect to their bearing upon Mr. Darwin's theory, of which Mr. Bates is a 
Milous upholder, although his observations were made before this oele- 
rated theory was promulgated. The facts set forth about variation appear 
ccellently to illustrate the formation of races and nearly related sp^ies 
irough gradual divellent variation ; and those on mimetic analogy are 
ot only wonderfully curious, but are most ingeniously applied to illus- 
rate the doctrine of natural selection, under a peculiar phase. 

We will first uotice some of the reported facts about variation. Such 
n amount and such gradations of variability as Mr. Bates re]X)rts of 
utterflies, we have ceased to think very extraordinary in the vegetable 
rorld ; yet we had been led to suppose that forms in the animal world 
'ere everywhere more definite and fixed. But Mr. Bates' obeervationa 
^m to have convinced him ** that there is a perfect gradation in varia- 
ility, from butterflies of which hardly two can be found alike, to sliffht 
arieties, to well marked races, to races that can hardly be distinguished 
om species, to true and good species." In the genus Ceratinia, for 
istance, those parts of structure [i. e. the veining of the wings] which 
>rm fixed generic characters in other groups are here variable in the 
axes, and in individuals of the same sex. C Ninonia ** evidently varies 
I different ways in different localities ; yet the local varieties are not 
efinite, the segregation of the races is not complete : so that it is erobar- 
using to decide whether to treat the form as one polymorphic species, 
icluding the variations under one and the same definition, or to describe 
sparately the type and the local varieties. Besides these incomplete 
>cal modifications, easily traceable to the type, there are, as often 
appens in the case of prolific, widely distributed, and variable species, a 
amber of other forms rather more strongly marked and better defined, 
'bich inhabit regions rather more distant from the locality of the type 
lan those which the mere varieties inhabit. These are admitted on all 
ands t9 be distinct species; but I think it would be diflScult to prove 
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ibftt these were not also Tarieties of C. Nitumta^ wbich have becoms 
more completely segregated from the parent form.** The exaraplei 
are giFen. This is essentially what DeCandolle concludes of Oaks, 
as we have seen in a former article. MeehanitU Potymnta affords 
one of the most striking cases. The typical form of the perfect insecti 
as figured by Cramer, prevails at Para and elsewhere m the region 
of the lower Amazon. There all the specimens are very much alike: 
while at Ega, on the Upper Amazon, very few individuals conform to the 
Gramerian type. Among the numerous forms, one, which he naroei 
J£. Sywmin^ predominates ; but all the intermediate forma between it 
and the typical M. Polymnia occur there, only in fewer norobers. At 
St. Panio, 260 miles further west, the species was again extremely varia- 
ble, some individuals coming near the type, but none identical with it 
The varieties were quite different from those of Ega : the M. EgoMnm 
was wholly absent, but a new variety abounded, of which there was no 
trace at Ega ; this has been figured and described as a distinct spedesi 
The complete set of connecting forms convinced the observer that all 
belonged to one species, disseminated over a large area, and modified ia 
oertain districUu He affirms that the varieties were of such a nature, as 
to form and colors, that they could not be thought to be hybrids between 
two or more dif^tinct species. And also, that the amount of local modifi- 
cation in no way accorded with obvious differences in the local conditions; 
for the species was, on the one hand, totally changed within 260 miles of 
very similar soil and climate, but, on the other hand, was constant in dist^ 
nets 600 miles apart and very different in physical conditions. Extendine 
the view up to the eastern slopes of the Andes, there are said to be still 
other forms, some of them clearly varieties of M. Polymnia^ although 
they have been described as species ; others more sharply defined sod 
having the appearance of true species. So Mr Bates thinks that, — 

^ The conclusion is unavoidable that tliese apparently distinct species are 
modifications, as well as the undoubted varieties are ; for we have the species 
in all stages of modification, — simple variation, local variety scarcely dis- 
tinguishable from a mere variation, complete local variety, and well marked 
race or species. The forms of M, FoU/nmia found in South Brazil cosfinn 
Chis view. At Rio Janeiro the well marked race or species M. LMtmmia skne 
is found ; at Bahia (traveling towards the home of the type, Jv. P9lgmma\, 
JIL Lysinmia in company with M. J^trnta ; at Pemambuco (further northward) 
M, jVeMn alone occurs ; at Para this form is seen no more, and M. F^hftaaa 
in its typical dress monopolizes the field. These facts seem to teach us that, 
In this and similar cases, a new species originates in a local variety, where 
She conditions are more favorable to it than to the typical fiirro, and that t 
lar^^ aumber of such are simultaneously in progress of formation firom one 
variable and widely distributed species. The new species cannot be proved 
to be established as such, unless it be found in company with a sister fonn 
which has had a similar origin, and maintaining itself perfectly distinct frooi 
it Cases of two extreme varieties of a species being thus brought into con- 
tact by redistribution or migration, and not amalgamating, will be found to be 
numerous when the subject is inquired into." ....** It is an advantage to a 
form to have a sphere of life different from its allies ; when two sister fonsi 
keep themselves distinct in a locality, it is a sign that they have acquired sofi- 
cient difference to fill two separate spheres. Ifthev paired toother they would 
•oon become one again. Nature may be said to place a prenuum on diversitj; 
for she thus destroys the incompletely formed race, ana preserves the com- 
pletely formed one. The case of JuecftoniKe Polynmia differs fitnb thitof 
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8 ThsotuSe in exhibiting the firoductioii, gen««lly« of enly one local 
a dU^ict, instead of many. Aa far aa my obaerrationa go» this foenMi 
been the most frequent coarse in nature. More than one new race 
with difSculty be formed in a limited area, when the individnala live in 
eighborhood, except in such cases as our Leftalii^ where rigid destmc- 
intermediate forms is going on, thus restricting the choice of mates to 
nvinff forms ; or in such genera as BhomiOf where there is no doubt the 
carefully select their exact counterparts in pairing." 

lie latter case, where each sort strictly interbreeds, the races once 
tted would be kept distioct as long as they existed. Mr. Bates 
that in the Ithomim and allied ffenera, ^ where a nnmber of very 
allied species fly together, they keep themselves perfectly distineti 
re no hybrid forms, and, on observing individuals tn copula^ I almost 
. found the pair to be precisely the same in color and markinga.** 
(oeption was in Meckanitis Polymnia^ above mentioned, ^ a poly* 
io species, whose local varieties are in an imperfect state of segre- 
V This pairing of exact counterparts would — upon principles 
we have particularly explained in this Journal — accelerate the 
fication or divergence into races, by enabling each advance of 
on to be held. And it would, as Mr. Bates remarks, enable ft 
ir of closely allied forms to exist, either together or in contignona 
without amalgfamating. 

lis remarks upon Meckanitis Polymnia^ as illustrating the course 
ntly followed by nature in the formation of local species, the anthor 
I that : — 

5 find, in this most instructive case, all the stages of the process, firom 
mroencement of the formation of a local variety (var. Ilf^iBim$) to the 
segregation of one (var. lAftimnia) considered by all authors as a true 
1. In this species, most of the local varieties are connected with their 
form by individuals exhibiting all the shades of variation ; and it is on 
count only that we know them to be varieties. In the species allied to 
I Flora, the forms are in a complete state of segregation (with the 
ion of/. lUinisga, which tlirows light on the rest), and therefore thev 
isidered as species ; they are, in fact, perfectly good species, Kke all 
3rms considered as such m natural history. It is only oy the study of 
e species that we can obtain a clue to the explanation of the rest But 
)ecies must be studied in nature, and with strict reference to the geo* 
:al relations of their varieties. Many closet naturalists, who receive 
lectedly the different varieties of any group, treat them all as inde- 
t species ; by such a proceeding, it is no wonder that they have frith in 
lolute distinctness and immutability of species." 

mimetic analopies, of which many of the Heliconidce are the ob* 
lave been mentioned by modern authors who have written on the 
; " but no attempt h&s been made to dei^cribe them fully or to 
1 them." Mr. Bates exhibits the more striking cases in a tabular 
vhich gives some idea of the extent to which this imitation prevails, 
r the various tribes of Lepidoptera to which the imitators belong. 
)nc1uded that the Helicontdoe are the imitated^ because they have 

same family aspect, while the imitators or analogous species are 
ilar to their nearest allies, — are perverted, as it were, from the faciea 
group to which they severally belong. 

e resemblance is so close that it is only after long practice that the true 
distinguished from the counterfeit when on the wing in their native 
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feretts. I wu never able to distingnish the LqitaHda fhrni Ae epecfae Atfr 
Imitated, although they beloiiff to a family totally different in etmctnre aad 
metamorphoeis from the Ihlicanida, without examining them cloeely after 
capture. They flv in the same parts of the forest, and generally in comptny 
with the species they mimic. I have already given an account of tlie loeil 
modiOcations to which the Hel%conid(E are subject. It iff a meet curious eI^ 
eumstance that corresponding races or species of counterfeiting groups ac- 
company these local forms. In some cases I found proof that such speciei 
ire modified from place to place to suit the peculiar forme of HtHeonida there 
■tationed.** 

The details in evidence of this are fully explained and illustrated by 
plates. Nothing can be more curious. The Itkomim imitated are ex- 
cessively numerous in individuals; tbe imitating Leptaliden are rare, not 
more than one to a thousand of the other. The latter has not beea 
found in any other district or country than in those inhabited by the 
lihomim which they counterfeit. The resemblance is often carried to 
mtnutie, such as the color of tbe antennee and the spotting of the abdo- 
men. Not only are the Heliconidce thus imitated ; some of them are 
themselves imitators, i. e., they counterfeit each other, species belongiog 
to distinct genera having been confounded, owing to their close resem- 
blance in coloring and marking. 

'* These imitative resemblance?, of which hundreds of instances could be 
cited, are full c^ interest, and fill us with the greater astonishment the closer 
we investigate them ; for *8ome show a minute an^ palpably intentional like- 
ness which is perfectly staggering. I have found that those features of the 
portrait are most attended to in nature which produce the nooet effective ds^ 
ception when tbe insects aie seen in nature.*' 

Similar imitations are said to occur in tbe Old World, in other &miIi«B 
of Butterflies and Moths ; but no instance is known of a tropical species 
of one hemisphere counterfeiting a form belortj^ing to the other. Other 
orders of insects supply such cases in certain fHmilies. ** Many instances 
are known where parasitic bees and two-winged dies mimic in drees 
various industrious or nest-building bees, at whose expense they live in 
the manner of the Cuckoo. I found on the banks of the Amazon msny 
of these Cuckoo bees and flies, which all wore the livery of workiDg 
bees peculiar to the country." Mr. Wallace has noticed two similar and 
equally striking instances of mimicry in birds. 

Now, as to the final cause of ihese mimetic analogies, — 

" When we see a species of Moth which freiquents flowers iff day-time 
wearing the appearance of a Wasp, we feel compelled to infer that the imita- 
tion is intended to protect the otherwise defenseless insect by deceiving in- 
sectivorous animals which persecute the moth and avoid the wasp. May not 
the Heliconide dress- serve the same purpose to the Leptalisf Is it tfot prob- 
able, seeing the excessive abundance of the one species, and tlie fewness of 
the other, that the Heliconide ie free from the persecution to which the Lep- 
talis is subjected ?".... 

*^I believe that the epeciflc mimetic antilogies exhibited in connection with 
the Hdiconidrt are adaptations, — phenomena of precisely the same nature is 
those in which insects and other beings are assimilated in superficial appea^ 
ance to the vegetable or inorganic substances on whieh, or amongst wnichr 
they live. The likeness of a Beetle or a Lizard to the bark of the tree o» 
which it crawls cannot be explained as an identical result produced by a 
common cause acting on the tree and tlie ankaal." 
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Btia of such imitatiaiis by inieeU, both of iMniiiMito nad of Kviof 
then given. That tuch imitative reMmblsnoes at we are oon- 
re of the same class as these, and salject to the same eipkna- 
>vious from the fact of one species mimickinff an inanimata 
lile one of an allied genus imitates an insect oi another fkmiljr. 
all evidently *' adaptations having in view the welfare of th^ 
that possess them.** Every species maintains its hoU upoa 
only through some endowment enabling it to withstand tbf 
Iverse circumstances to which it is exposed ; and the roejios am 
( diversity, — organs of offense, mat fecundity, capabilitiea for 
lersion, and, amon^ the rest, l£e adaptive resemblances of a 
s species to one which enjoys some kind of protection. The 
nous swarms of slow-flying ffeiieonidcB on the Amason, app»- 
^'useless, must enjoy some immunity from the insectivorous 
Mr. Bates never saw them preyed upon by birds or Dragon-flies, 
ed by Lizards when at rest ; and tiieir dead bodies set out to 
rarely attacked by vermin. They all have a peculiar smell, 
robable that they are unpalatable to insect enemies. ^ If they 
flourishing existence to this cause, it would be intelligible why 
lidcB^ whose scanty number of individuals reveals a less pro- 
idition, should be disguised in their dress and thus share their 

.turally leads to Mr. Bates' explanation of the process by which 
netic resemblances and other such adaptations are brought 
he admirer of natural selection finds here a beautiful application 
inciple. Given the Helieonidce as they are, segregaUKi and in 

segreiration into variHtions, varieties, races, and species under 
^ of natural selection which are still occult, and supposing (what 
rishing numl^crs prove) that their taste, odor, or something else, 
;on)parative immunity from the attacks of their natural enemies, 
ince of their more exposed analogues, in each locality, would 
epend upon the closeness of their resemblance to the protected 
or of the district, such resemblance being apparently the onlv 

escaping extermination by insectivorous animals. As tlie imi- 
;ies vary from place to place, so. mu.st the imitators if they 
ain their hold upon life. And, of all the variations which are 
7 arising, only those which do resemble the protected form near 
> deceive the insectivorous enemy, will retain their hold. This 

selection, the insectivorous animals being the selecting agents; 
>peration proceeds to draw out steadily, in certain favorable 
», the suitable variations which arise from generation to genera* 
A result of the extermination of those sorttt or varieties which 
nough like the protected species to deceive the enemy. 

limetic species varies, some of its varieties must be more and some 
hi inriitations of the object mimicked. According therefore to the 
of its persecution by enemies, who seek the imitator but avoid the 
rill be its tendency to become an exact counterfeit,— the less perfect 
f resemblance being, generation after ^feneration, eliminsted, and 
thers left to propagate their kind.** ** The fact of one of the forms 

a. 8ci.~Sbcond Saaias, Vol. XXXYI, No. 107.->Seft., 1868. 
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of lAptdUB T^bcono^r, namely Im Lytinoi^ mrmickiiiff an Ega, not u JUMi, 
but a flo inshing species of another quite distinct nunilj (SUdadiHi DwoaMi^ 
shows that the object of the mimetic tendencies of the species is simply dis- 
guise, and that, the simple individual differences in that locality beinff ofigir 
nally in the direction, not of an Momia, but of another object equslly well 
answering the purpose, selection operated in the direction of that other objecL* 
**When the persecution of a variable local form of our Z>p^a7t« is close or 
long continued, the indeterminate variations naturally become extinct ; nothmg 
then remains in that locality but the one exact counterfeit, whose exactncsi^ 
it must be added, is hencefortli kept up to the mark by the insect paiiiiif 
necessarily with its exact counterpart, or breeding in and in. This is the 

condition of L. Theonoe^ &c When (as happens at St Panics where t 

greater number of individuals and species, both of Ithomia and I^qdaUit 
exists . . . . ) many species have been in the course of formation out of the 
varieties of one only, occasional intercrossing may have taken place; tlui 
would retard the process of segregation of the species, and, in fact, M h 
producing the state of tilings (varieties and half-formed species^ which I haw 
already described as there existing." ^ Such, I conceive, is the only way ii 
which the orij^in of mimetic species can be explained. I believe the caae oAen 
a most beautiful proof of the tnith of the theory of natural selection. It also 
shows that a new adaptation, or the formation of a new species, is not effected 
by great and sudden change, but by numerous small steps of variation and 
selection." 

At a time like the present, when the notion that species are derivative, 
somehow or other, is received as the most probable opinion by snch sd 
increasing number of competent observers and thinners — incloding, i( 
may be added, the names of Lyell and of Owen, — and when it appean 
to the thoroughly conservative and well-informed President of the Imt 
nnan Society* *' that the tide of opinion among philosophical naturalisti 
is setting fast in favor of Mr. Darwin's hypothesis,^ such illustratious oif 
the latter as Mr. Bates has presented are worthy of attentive considera- 
tion. But we need not agree with Mr. Bates in his conclusion that the 
impression produced **of there being some innate principle in spedei 
which causes an advance in organization in a special direction," so that 
the result is **a ])redestincd goal," is untenable, and the ap}>earanoe8 
vrhich suggest such idea, illusory. Because variations are picked out, 
preserved, and led to useful ends by natural selection, it does not follow, 
nor has it ever been shown, that they occur lawlessly and at random. 

A. 0. 

3. Flora Ausiraliensis : a Description of (he Plants of the Ausiralim 
Territory ; by George Bentiiam, F.R.S., P.L.S., assisted by Ferwnasd 
MuLLER, M.D., F.R.S. <k L.S., Government Botanist, Melbourne, Vic- 
toria, vol. I. (Ranunculacece to Anacardiacece,) London : Reeve & Co. 

' Address of George Bentliam, Esq., President, rend nt the AnniverssTT Meetii^ 
of the Linnasan Society, May 25, 1868. Pubiii^hed nt the request of the Fellowa. 
It is mainly a critical review of the recent progress of biological (i. e. in its propemt 
sense, pbysiolo^icnl) science, and is in almost every respect well-oonsidtfrea lod 
forcible. In referring to Professor Wyman's paper, in tliis Journal, on the prodo^ 
tion of Infusoria, Mr. Bentham, probably relyini; upon others, has ttkiUsd to sppr^ 
ciate the thorough care, appositeness, and simplicity of his ezperifneDt9,-*whidi. r~ 




efficient, as it was nut exposure to dry heat, but boilisg. 
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pp. 508, 8to. — ^Thw ia the first volume of another of thoee Florae 
iUsh Colonies, published under the authority of the Home Govem- 
and in the present instance, we believe, mainly at the expense of 
dionies concerned, upon a plan arranged by Sir Wm. Hooker, in 
xion with Mr. Bentham and Dr, Hooker. The Flora of Hongkong, 
r. Bentham, was the first of the series. This related to a very smul 
iL The present embraces vast regions and a preeminently interest- 
id peculiar vegetation. So immense is this undertaking that, with 
B vast resources and preparation, and all his courage and aptitude, 
\Xk hardly suppose that Mr. Bentham woukl have taken it in hand, 
it not for the cooperation of his colleague in this work, Dr. Ferdinand 
tr, who has already done so much for the Australian Flora. While 
ith pleasure see Dr. M&ller's name upon the title-page of this work, 
latisfactory to find that his important aid is offered and secured 
•ut the drawbacks which are inseparable from joint authorship, 
t where the parties can literally work side by side. Mr. Bentham 
e undividedly responsible for the execution of the present volume, 
as assumed the task with alacrity, prosecuted it thus far with his 
k1 vigor, and, from his wonderful knack of carrying through to 
letion whatever he undertakes, we may confidently hope that the 
ists of each and every Australian colony may within a few years 
furnished to his hands a Flora as perfect for its purpo^ as is the 
Ibook of the British Flora itself. 

e excellent Outlines of Botany with speeial reference to Local Floras, 
1 was prepared originally for the Handbook of the British Flora, is 
:ed to the present as well as to the Hongkong Flora, having under- 
studied revision. We notice that the radicle, which in the first 
Qce was spoken of as '* the future root,'' is now called " the base of 
iture root," — expressing no opinion as to its morphological nature, 
e next Colonial Flora, however, we confidently expect that it will be , 
1 the primordial internode, upon the node, i. e. the summit, of which 
otyledons are inserted, — a view which obviously suggests itself to the 
hologist, and which, as we suppose, may be demonstrated by its 
ion, its growth, and its structure. We know of nothing which is 
of the internode next above the cotyledons which is not also true of 
below them. In the first edition of these Outlines, **all the pistils 
flower ** are spoken of, and the word is used as Linnaeus used it. 
in the revision, the author falls back to the Tournefortian use. This 
question of terminology, upon which opinions may fairly be divided : 
ve side with Linnseus. a. o. 

Not€9 on the Lorantkacece^ with a Synopsis of the Oenera; by 
lEL Oliver, F.L.S^ Professor of Botany, University College, London, 
n important paper, rea<l to the Linnsean Societv in January last and 
Hly printed in its Journal, No. 26. Prof. Oliver repudiates Mr. 
s' attempt to establish Viacum and its near allies as a separate order, 
ee to unite Santalacem with the Loranthcxece, and would even follow 
on in adding the Olacinem, — all of these clearly belonging to one 
ral group, the great divisions of which are kept apart mainly, it 
d seem, because of their wide separation in the Candollean sequence 
ders. Some genuine species of Phoradendron are found to have the 
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Slithers one-edled bj confliienoe: indeed Prof. Oliver hM feund them m 
ni some ttpecimens of our North American M iiiUetoe, P. JiawtMam: Na 
1126 of Fendler*8 Venezuela ooliection i» found to belong to Poeppig't 
genuA, AiUidapkne, The bracts or scales subtending flowers iu the 
genus Lepidocenu of Dr. Hooker are found to persiiti as the apei of a 
true lamina of a lea^ which is subseouently developed by a growth of 
Its base iu a very curious mannner. The scale does duty first as a braet, 
and afterwards, by a baAsI growth, ihe insertion or petiolar portion of thk 
scale becomes a green leaf. The true LoranthaceouA genera here admit* 
ted, and succinctly defined, are twelve, with indications that EremuUpU 
Wrightii of Grisebach, one of Mr. C. Wright's discoveries in Oubii — may 
be the type of a thirteentli genus. A. Q. 

5. PartkenogenenM in Plants. — A preiumed Can cf PorlkenogtniM 
in a specUi of Aberioy a Bixaceous genua, reported by Dr. T. Anderson lo 
the Liiniiean Society, in recordeii in the Jouraal of the proceedings of 
that Society, No. 26. One or two buslies of the species (of unknown 
origin) flowereil in the Calcutta Botanical Garden in the year IMl. 
** Tliey were female plants, no stamens were detected, yet they bore a Urge 
erop of well ripened fruits." '* The seeds obtained from these plants wers 
sown, and there is now a vigorous stock of young plants.** In 1862 the 
same plant flowered again, and during a month produced only pistillifer- 
ous flowers. '^Frorn the opening of tlie first fiower-bud until the last 
withered flower dropped off, not a day passed without a careful ezaroiBSr 
tion being made by me for the traces of a stamen in Uie flowers, but 
without finding one.** The fruit set from many of the ovariee ; but ths 
tree was soon after destroyed in a gale. The evidence is not wholly 
complete ; but as far as it goes It confirms the case of CoeUbopyne, 

A. o. 

6. Structure and Fertilization of certain Orchidi, — In this Jomrnal for 
November, 1862, 1 gave some notes on the arrangeroenta of the gemtali^^ 
drc. of most of our Orchids of the Northern States of the genus Piatath 
ikera or ffabenaria. One common species, which was not met with last 
summer in season, I have now glanced at, viz., 

Platanthera Jlava^ or Habenaria fiava Gray. This, although ascer- 
tained by ine to be the Orchis fiava of LinnsBus, so ill deserves its spe- 
cific name, which I restored to it, (the flowers being in fact green, instead 
of yellow) that, notwithstanding priority, one would like to aee it taks 
lduhleuberg*8 name of virescens. This might well enough be allowsd 
on the ground that the Linnsean name is a **nomen falsumP 

As respects its arrangements for fertilization, I had anticipated that 
this would be an interesting species, on account of the strong protube^ 
ance or crest on the base of its label lum. This narrow and nasifona 
protuberance projects upwards and backwards, so as almost to touch the 
column between the two disks or glands of the stigma (or rather betveea 
the two cups or deep grooves which contain them), and therefore lyist 
over and dividing the orifice of the spur. The anther cells are parallel, 
but set at a little distance apart: they lie almost in line with the labsl- 
lum, but with the front ends depressed, so that the disks are a liiUe lover 
than the base of the protuberance. These disks and thia protuberaiies 
are so correlated in shape and position, that the proboadaof an insect fittel 
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uk ovt nacUr from tha apor, inserted, m it mvst be^ obliqueljr from 
re, cannot keep the median line at the entrance, but will take th« 
i Of the left of the protuberance, at may happen, and so will ilida 

the di»k-bearing groove of that aide. The structure of the disk* 
ring portion of the column answers, perhaps, to what is expressed by 
diey's vague character of Gymnadenia, ^ ratUlloxomplieato^^ and ia 
.e different from tliat which prevails in the more genuine species of PIm* 
lAerok But nearly every species has its peculiar arrangement Viewed 
a the front (on removing the labellum), each disk is found to line an 
mg cavity or deep groove : viewed vertically from above, this appeara 
I ring with tlie front edge cut awsy, or as something more than a 
icircle, lined by the thin broad dLtk. On directing a delicate bristle 
ically from above into the spur, taking either side of the protuber^ 
s of the labellum, the bristle will either enter the discal groove 
9 above, as a thread enters the eye of a needle, or, if presented more 
quely from the front, will slide into the groove when, as it enters the 
r, it u raised, as it must be, to a more vertical position. The disk olaspa 
bristle, adhering by its sticky surface, and is withdrawn with it along 
1 the attached pollinium. No g^ood observations were made as to 

movement of the stalk of the pollinium on the disk when thus ex* 
ated, nor as to its application to the stigma. 

t is evident that in this species self-fertilization cannot occur, that only 
pollen-mass will be likely to be extracted at one visit of an insect^ 

that this will doubtless be conveyed to another flower to impregnata 
(tigma. 

Jymnadenia tridentaia, Lindl. — ^Examinations of flower-buds and open 
'ers, July 27-30, substantially confirm those of the previous year, 
eh are recorded in this Journal, vol. xxxiv, p. 426, and in a foot-note 
p. 200. The flowers before expansion are horizontal and somewhat 
ining, so that the packets of pollen, which spontaneously detach them* 
es from the pollen-mass, may fall out when the anther-cells open. 

anthers dehisce before the flower-bud is full gprown, or at least four 
ive days before the flower opens. In every instance when the flower 
naturally opened, the antber^ls will be found widely gaping, and 
(ral or many pollen-packets will be found upon the three ^ stigmatie 
sesses,** into which their pollen-tubes will have copiously and deeply 
etrated. This, indeed, is the case two or three days before the bloa- 
I would have opened. 

!*hese three processes are so remarkably developed in this species, and 
f so strikingly represent functionally, and to appearance morpholog- 
ly, three elongated clavate stigmas, that the species would not be ra* 
ded as a congener of G, conopsea^ the type of Brown's genus Gym' 
enia. G. Jlava Lmd\^ and G» nivea L\ud\^ which I have examined 
f in dried specimens, however, present intermediate states. In G. 
a, there are two strong stigmatie lobes projecting laterally beyond the 
a by the side of the base of each anther-cell. The middle or rostellar 
) is hidden by the approximate anther-cells, and is functionlesa. In 
uvea, the rostellar lobe is minute and hidden ; the conspicuous lateral 
m are linear and deflected forwards so as to lie along the border of 
base of the labellum on each side. I do not know whether they 
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noeire th« pollen^ or whether there is a ttigmatic sorAioe between thai 
under the dtska, or both. Bat neither of these two spedeB show anj 
evidenoe of being telf-fertiliced in the bud. In G. iriaentatOj the spe- 
eies now in hand, the three elongated and eomewhat clavate atigmatie 
bodies or processes, which are nearly alike, ascend, one on the oatside of 
each anther-cell, and one between the two celK to considerably above the 
level of the almost lioricontsl anther ; their surface is loosely cellular and 
slightly viscid, so that the pollen-packets stick to them readily : all threei 
as alrndy remarked, act functionally as stigrmas. But also, underneath the 
disks and the common origin of the three stigraatio proc es ses, I find a 
ffreen surface, in position and character just like the stiraa in Orekii and 
J^laUinihera except that (so far as I have observed, m unexpanded or 
freshly expanded flowers) it is only very slightly viscid. On application, 
few or no pollen-packets are left sticking to it, while they stick in consider- 
able numbers to the upper part of the ^processes.** From the appcarano^ 
thus far, I should suppose that this normal stig^iatic surface had become 
functionless. But, on the other hand, the large disks are in perfect con- 
dition ; in the expanded flowers they adhere to a bristle or other body, 
and are thus removed from the shallow cups in which they rest, bring- 
ing away the caudicle with the considerable portion of the pollen- packets 
which still remain attached : the caudicle effects a prompt movement of 
depression, and now, if the bristle be returned to its position at the en- 
trance of the ^ur, the pollen-mass will strike this broad ordinary stig^ 
matic surface. The examination of older flowers may be expected to 
settle the question. But it is certain that the three linear club-shaped 
bodies act as stigmas. 

In a systematic point of view, it is evident that the Ophtydem with 
naked disks need to be studied and arranged anew, upon living plants. 
But the forms cannot be clearly described and correlated until the mo^ 
phology and terminology of the parts of the column have been reconnd- 
ered and elucidated. a, g. 

SOOLOQT. — 

7. Monograph of th$ Aye- Aye (Chiromys Il£adag(iscari€im$ Cuvier); 
by Richard Owen, D.C.L., F.R.S., &c. — The carious animal which 
forms the subject of tliis monograph, was first noticed in Madagsecsr 
by Souverat in 1780, and owes its name to an exclamation of astonish- 
ment uttered by the natives of the east coast, to whom, it is said, he 
exhibited it for the first time. Souverat brought home with him a 
stuffed skin and a cranium, which have since remained in the museum 
of the Garden of Plants, the only representatives of the species in Ea- 
ropean cabinets. Zoologists have been puzzled as to the true afSnitiei 
of the Aye- Aye, some placing it among the Rodents, and others among 
the Qnadrumana. Buffon assigned it a position in the former groniH 
and in so doing was followed by Cuvier, who at the same time distinctlT 
stated that it ** is related to the Quadrumana in more points than one. 
In view of these differences of opinion, it is easy to see how desiraUe 
whole specimens were. 

Science is indebted to the Hon. H. Sandwith, M.D., for the specimen, 
preserved in spirits, which forms the subject of the present investigatioo. 
This has enabled Prof. Owen to determine definite^ its position among 
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e Lemnriche, and at tbe aune time add another to the admiraUe se* 
» of moDog^phs by which the great English anatomist has contriba- 
1 80 largely to the progress of zoology and physiology in oar day. 
However remarkable the minglinff of Rodent and Qaadrumanont 
laracters may be in the Aye- Aye, tney are sarpmed in the correla- 
>ii8 of physical structure and strange habits. ^ The wide openings of 
e eyelids^ the large cornea and expansile iris, the snbglobnlar lens and 
petum, are arrangements for admitting to the retina and absorbing 
e atmost amount of light which may pervade the forest, at sunset, 
kwn, or moonlight Thus the Aye-Aye is able to guide itself among 
e branches in quest of its hidden food. To detect this, howevori 
lother sense had need to be developed to ffreat perfection. Thd large 
ini are to catch and concentrate, and the large acoustic nerve and its 
inistcring ^flocculus' seem designed to appreciate any feeble vibration 
at might reach the tympanum from the recess in the hard timber, 
trough which the wood-ooring larva may be tunneling its way by re- 
lated scoopings and scrapings of its hard mandibles.^' The food of 
lis nocturnal animal, to whose strange physiognomy the eyes and eara 
Id so much, consists mostly, as was ascertained by Souverat, of wood- 
»ring grubs. To extract these, there are, united with the common Le> 
urine characters, chizel-shaped incisors, resembling those of Rodents, 
id a most remarkable modification of the middle finder, which is not 
ily used for eliciting by percussion the hollow souncT from the bored 
oib, but as a hook for extracting the sprub* All the fingers are of 
^mewhat unusual length, but the middle one ** has been ordained to 
"ow in length, but not in thickness with the other digits ; it remains 
ender as a probe, and is provided at the end with a small pad and a 
>ok-like claw." Tbe use made of this part will be best learned from 
le very interesting letter to Prod Owen by Dr. Sandwitb, in which hia 
wn observations on the habits ot the Aye-Aye are recorded. 

Maaritiui, Jan. 27, 1859. 
'y dear Mr, (hten : 

After Terj great difficulty and much delay, I have at length obtained a fine 
ale healthy adult Aye- Aye, aod he h enjoying himself in a large cage which I 
ire had constructed for him. ..... I observe that he is sensitive of cold,kiid 

C68 to cover himself up in a piece of flannel, although the thermometer is now 

ten 90^ in the shade Now as he attacked every night the wood-work of 

s cage, which I was gradually lining with tin, I bethought myself of tying some 
icks over the wood-work so that he might gnaw these instead. J had previously 
it in some large branches for him to gnaw upon ; but the others were straight 
icks to cover over the wood-work of his cage, which alone he attacked. It so 
ippened that those I now put into his cage were bored in all directions by a large 
id destructive grub called the Montouk, Just at sunset, the Aye Aye crept from 
ider bis blanket, yawned, stretched, and betook himself to his tree, where hit 
ovemeots are lively and graceful, though by no means so quick as those of a 
[uinrel. Presently he came to one of the worm-eaten branches, which he began 
• examine most atttntively ; and, bending forward his ears and applying his nofs 
086 to the bark, he rapidly tapped the surface with the curious second digit, as a 
oodpecker tups a tree, though with much less noise, from time to time inserting 
e end of the slender finger into the worm-holes as a surgeon would a probe. At 
Dgth he came to a part of a branch which evidently gave out an interesting sound, 
r ne began to tear it with his strong teeth. He rapidly stripped off the bark, 
it into the wood, and exposed the nest of a grub, which he daintily picked out of 
% bed with the slender tapping fiuger, and conveyed the luscious morsel to ~ 
outh. 
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I waiciitd Umm proeMdingt with iateiiM interwt, and was onidi tlftidc witfi tk 
mMrrellous adaptation of tha ereature to its habite, shown by his aenta haarkf, 
which enables him aptlr to dittlnruisli the different tones emitted from the wood 
br his gentle tapping; Ms eTidentlj acute senra of smell, idding him hi bis search ; 
Ui secure footsteps on the slender brandies, to whieh he finnlj dang wiUi Im 
quadrumanous members ; hia strong rodent teeth, enabling him to tear thrmigh ths 
wood ; and lantlj, b¥ the curious slender finger, unlike that of any other animal, 
and which he used alternately as a plezimeter (percuteur t), a probe, and a scoop. 

But I was yet to lenm another peculiarity. I gave him water to drink ra a 
WKocer, on whidi he stretched nnt a nand, dipped a finger into it, and drew it ob> 
liqoely throuKh his open mouth ; this he repcmted so rapidly that the water seemed 
to flow into his moutn. After a while he lapped like a cat ; bat hia firat mode of 
drinking appeared to me to be his way of rmiching water in the deep dafta of the 
trees. 

I am told that the Aye-Aye is an object of veneration at Madagawar, and that 
if any native tooches one he b sure to die within a year, hence the diffleul^ of ob- 
taining a specimen. I overcame thb scruple by a reward of £10. 

Believe me, yours very iaiihfally, 

H. Saiuiwril 

The ^ Conclusion'^ of the memoir will certainly attract Terj ffmeril 
attention, since it contains a distinct expression of Prof. Owen s mw 
with reffard to the great qnestion of the day, that of ^ tho origin of 
species.* Those who have joined in the issne involved in this qnestion 
may be arranged in one of two classes : 1st, comprising those who 
maintain that the present condition of the animal and ▼^[etable king- 
dom was reached by a series of progressive creations, each species being 
created and suddenly introduced upon the surface of the earth, and the 
first formed individuals having the same specific characters as all the 
successors ; 2d, those who deny the preceding view, and assert that all 
animals and plants are the result of '* progressive development," ^' deri- 
yation" or *^ transmutation '' of species, the first created forms being of 
the simplest kind, or at all events of a simpler kind than those of the 
present day, and in the course of time transformed into them. How 
the changes from simple to complex forms were effected, or how H>e- 
cific characters were modified, has been very ditferently explained. Uf 
marck says by a *'6f*oin," Darwin by** natural selection" and "the 
struggle for existence," and Owen ** by the ordained potentiality of sec- 
ond causes," and by transmutation ** under law." 

We do not propose, in this bibliographical notice, to enter into a 
discussion of these ditferent theories, but, before citing Prof. Owes*! 
views, we will merely remark that*, if the progressive-creation hypotliesis 
is adopted, we should be glad to see a better answer than has yet been 
made to the question, how and in what condition did the first forms 
make their appearance ? When a mammal was created, did the oxygeo^ 
hydrogen, nitrogen, and carbon of the air, and the lime, soda, phospho* 
rus, potash, water, <fec., from the earth, come together and on the hi' 
stant combine into a completely formed horse, lion, elephant, or other 
animal ? If this question is answered in the afiirmative, it will be e»iiy 
seen that the answer is entirely opposed by the observed ana]ogpe» m 
nature. In the practical study of the hk^tory of the earth and tie 
changes which it has undei^one, of the development of indivtdoal ani' 
mals and plants, the "order of nature"' points in one direction, vix: Uf 
the process of differentiation. The one-celled plant and tbe tree, tbe 
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polyp tnd maD, and all organic forms intermediate between tbese ex- 
tremes pass from tbe homogeneous to the heterogeneous, from the nu- 
cleated cell, or even from what is more simple still, from plasma to the 
adult individual consisting of organs more or. less complex, according 
to the position in the series. We nowhere see plants or animals reach 
matnrity in any other way than by development or growth. 

At the same time, we must not lose sight of the fact that what is true 
of the successive stages of individual organisms may not necessarily 
prove true with regard to the history of the races; that while, from 
the earliest embryonic condition of each individual to the last, there is 
a connected series of observed changes or differentiations, and no break 
in the organic continuity, there are no observations whatever to prove 
a like organic continuity in the races. In the absence of such direct 
proof^ we have no other alternative than to look to the analogies of na- 
ture and the geological record. The direction in which the former 
point is obvious ; the testimony of the latter is thus far negative, but is 
It complete enough to be a safe guide ! 

In view of the difficulties met with in explaining the first introduc- 
tion of living forms, Agassiz has put forth the bypoUiesis of the creation 
of eggs. ^ I then would ask, is it probable that the circumstances under 
which animals and plants originated for the first time can be much 
simpler or even as simple as the conditions necessary for their repro- 
dnction only, after they have been once created f Preliminary then to 
their first appearance, conditions necessary for their growth must have 
been provided for ; for, if, as I believe, they were created as eggs, the 
conditions must have been conformable to those in which the living 
representatives first introduced now reproduce themselves. If it were 
observed that they originated in a more advanced stage of life, the 
difliculty would be still greater, as a moment's consideration cannot fail 
to show, especially if it is remembered how complicated the structure 
of some of the animals was, who are known to nave been among the 
firrt inhabitants of our globe.^ — {Contrib, Nat. Hist, of U. States, i, 12.) 

This hypothesis would answer very well for spawning fishes and rep- 
iilea, whose eggs may be trusted to the effects of physical agents. But 
does it help us with regard to viviparous fishes, viviparous reptiles, and 
mammals f To take the case of the mammals, what ** conditions con- 
formable to those in which the living representatives first introduced 
now reproduce themselves" would answer the purpose for the develop- 
ment of the young, except an uterus, or something analogous to an 
uterus, and for its nourishment after birth, except a mammary gland or 
something analogous to one ? And how could there be an uterus or a 
mammary gland without organs of nourishment, locomotion, &c,; in 
other words, before creating the egg^ it would be necessary to create 
some kind of an organism for the egg to live in. If such organism 
offered the same conditions with those of the individuals now living, 
why create the egg at all ? Rather than this, it would seem to be a 
simpler matter to create the whole animal capable of producing eggs . 
to begin with. If it be asserted that the conditions were not the same, 
this assertion would seem to be equivalent to the admission of variation, 
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inasmuch as the first eog would be capable of being derdoped andii 
different circumstances m>m the later ones. 

How Pro! Owen meets this difficulty with regard to the first lalnh 
duction of species may be inferred from the following passages quoted 
fh>m the monogpraph on the Aye-Aye. 

^ But the conception of the origin of species by a continuoualy ope- 
rative secondary cause or law is one thing ; the knowledge of the natare 
and mode of operation of that law is another thing. One physiologiai 
may accept, another refute or reject, a transmutational or natoral-eeleo- 
tive hypothesis, and both may equally hold the idea of the ancoessifs 
coming-in of species by law." 

** What I have termed the derivative hvpothesis* of oiganisma, for 
example, holds that there are coming into beings by aggp^agatioii of oi^ 
ganic atoms, at all times and in all places, under the simple^ nnieelhilar 
condition, with differences of character as many as are the Tarions CI^ 
cumstances, conditions, and combinations of the causes edudng them, — 
one form appearing in mud at the bottom of the ocean, another in the 
pond or the heath, a third in the sawdust of the cellar, a fourth on the 
surface of the mountain rock, Ac, but all by the combination and ar> 
rangement of organic atoms through forces and conditions acting ao* 
cording to predetermined law. The disposition to vary in form nA 
structure, according to the variation of surrounding conditiona, ia great- 
est in tliese first formed beings ; and from then), or such aa them, are 
and have been derived all other and higher forms of oiganiams on this 
planet And thus it is that we now find, energisinff in fiiir proportioMi 
every grade of organization from man to the monad.*' . • . . 

^ Now the foregoing hypothesis is at present based on so narrow and, 
as regards the origin of life, so uncertain a foundation of ascertained 
fiusts, that it can be regarded only as a kind of vantage-ground aitifi* 
cially raised to expand the view of the outlooker for the road to troth, 
and perhaps as supporting sign-posts directing where that road may 
most likely be fallen in with." .... 

, . , ** And herein is one main distinction between it ^origin of tspt- 
eies by natural selection) and the * derivative hypothesis, whioh main- 
tains that single-celled organisms, so diversified as to be relegated to 
distinct orders and classes of Protozoa^ are now, as heretofore, in conm 
of creation or formation, by the ordained potentiality of second causes; 
with innate capacities of variation and development, giving rise in s 
long course of generations to such differentiated beings as may be dis* 
tinguished by the term 'plant' and 'animal;' from which all higher 
animals and plants have, through like influences, ascended mod are beiig 
ascensively derivedr This, as the naturalist knows, is mere hypQtheiii» 
at present destitute of proof. But it is more consistent with the phe- 
nomena of life about us, with the ever-recurring appearance of moold 
and monads, and with the coexistence, at the present time, of all g^rades 
of life rii»ing therefrom up to man, than is the notion of the origin of 
life which is propounded in Mr. Darwin's book, 'On the Origin <»^Spe* 
cies by Natural Selection.' " 

*' That organic species are the result of still operating powers sad 
influences is probable from the great paleontological fact of the suooes- 
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mn of such to-caHed species from their first appetrance in the oldest 
fossiiiferoiis strata ; it is more probable from the kind and degree of 
sinilitade between the speeies that succeeds and the species that disap* 
pears never to return as sach ; the similitade being, in the main, of a 
nature expressed by the terms of * progressive departure from a general 
to a special type.' Creation by law is suggested by the many instances 
of retention of structures in Paleozoic species, which are embryonal 
and transitory in later species of the same order or class ; and the sng* 
gestion acquires force by considering the analogies which the transitory 
embryonal stages in the higher species bear to the mature forms of the 
lower species. Every new instance of structures which does not obvi- 
ously and without straining receive a teleoloffical explanation, especially 
the great series of anatomical ikcts expressed by the * law of vegetative 
or irrelative repetition,' — all congenital varieties, deformities, monstros- 
ities—opposes itself to the hypothesis of the origin of species by a pri* 
mary or immediate and never repeated act of adaptive construction." 

If we correctly understand Prof. Owen's views, as expressed in the 
above paragraphs, he inclines to, in &ct adopts, iJiouffh cautiously, the 
hypothesis of the origin of jBpecies by *Hransmutation ' or ** deviation ;" 
theee transmutations being m no accordance with a pre-arranged plan, 
but carried out under the influence of second causes. The first organ* 
isms were unicellular, brought into existence by spontaneous generation 
** under law," and, by a slow and orderly transmutation, ascensively 
differentiated into the highest vegetable and animal organisms. For the 
precise mode of bringing about the individual changes, he offers no 
conjecture, whatever. 

We leave it for the advocates of progressive creation to answer these 
views — and will conclude with expressing the belief that there is no 
Jost ground for taking, and that we arrive at no reasonable theory 
which takes, a position intermediate between the two extremes. We 
most either assume, on the one hand, that living organisms commenced 
their existence fully formed, and by processes not in accordance with 
tiie nsual order of nature, as it is revealed to human minds, or, on the 
other hand, that each species become such by progressive development 
or transmutation ; that, as in the individual so in the aggregate of races, 
the simple forms were not only the precursors, but the progenitors of 
the complex ones, and that thus the order of nature, as commonly mani- 
fest in her works, was maintained. j. w. 

8. Oil the ^^ Minute Vertebrate Lower Jaw!'* — In the Annals and Mag- 
azine of Natural History^ for October, 1862, Dr. Wallich has given a 
figure and description of a jaw-like object y^^ of an inch in length, 
dredged at St. Helena, which he considers as '* evidence of the existence 
of a vertebrate animal measuring only ^ inch in length !*' This has 
excited much discussion, several papers having since been written upon 
the subject, and although its vertebrate character has been fully dis- 
proved, there is much diversity of opinion in regard to the true char- 
acter of the object C. Spence Bate {Ann. and Mag.^ Dec, 1862) thinks 
it to be the claw of an Amphipod. It has also been suggested that it 
may be part of the lingual ribbon of a Gasteropod ; or part of the 
manducatory apparatus of a Rotifer. Mr. Busk, in an illustrated paper 
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in the Quarterly Journal of Microscopical Seunei^ for Jan^ 1868, bai 
ffiven the most probable solution : — that the jaw figured by Dr. Wallich 
18 one of the valves or jaws of a pedicellaria of an Echinoderm, allied 
to AmpkidotuB, 

In connection with this subject of the pseudomorphs of Tertebrate 
jaws, we roay take occasion to mention the jaws of some 
Annelids, the resemblance of which to those of the higher 
animals has not been mentioned by any of Dr. Wallich*s 
critics. In the mouth of the proboscis of worms of the 
family Aphroditacea, such as Polynoe, Si^lion^ and 
AcoetiSy we find upper and lower jaws, each composed of ^^ i 
two rami, and armed with strong tooth-like processes. S^^Z^^ m 

In seizing prey, these jaws work upon each other verti- 

cally, as in fishes and reptiles, — in contradistinction from the lateral 
action which takes place in all other Articulates, and which has been 
stated to be universal in that sub-kingdom. In the cut, fig. a representi 
the lower jaw of Acoetes lupina^ seen from above, the rami being 
pressed outward a little, to show their inner surfaces. Fig. &, a lateru 
view of the exterior surface of one of the rami. In the string pair of 
teeth representing the canines and some other points, we have certainly 
as much resemblance to a vertebrate lower jaw as in the object origin- 
ally figured by Dr. Wallich. w. a. 

9. N'oU on the Afegathtrium ; by Prof. Aoasstz, {Proc. BotL SocNmL 
Hist^ ix, 193.) — Prof. Agassiz, remarking on the lileg^theriura cast, pre- 
sented by Mr. Bates, which had recently been mount^ at the Mnsenm of 
Comparative 2k>ology, stated that he regarded the position given \U which 
is very nearly that of Owen, as not quite accurate ; and that the Me- 
gatherium, instead of being set up erect, should have been placed io a 
crouching attitude, with the hind legs bent, sufllciently so that the tail 
should touch the ground, — with the head bent down between the froot 
legs the broad chest resting upon the ground, supported bv the fore-legs, 
extended in such a way that they should rest for nearly their wbols 
length, and leave simply a free play for the extremities to reach out be- 
yond the head. » 

V. ASTRONOMY AND METEOROLOGY. 

1. Proee9$ion and Periodicity of the November Star-shower, — In the 
last number of this Journal (p. 148) it was suggested that the November 
star-shower has a motion along the sidereal year of one day in seventy 
years. The following dates, taken from the tables in the last number of 
the Journal, show this motion, and also indicate that the shower has a 
period of about a third of a century, as Prof. Olmsted, Prof. Twining, 
and Mr. Herrick have supposed. In the last column is given the date 
obtained by adding to the corresponding day of 1850 one day for each 
70 years from the time of the shower to 1850. 

A.D. 188S, Nov. 12-7 oorr. to A.D. I860, Nov. 18*8, becomiog Nov. 18-6 

1799, " 11-6 « « M 129, « - 18^ 

1698, «* 8-e - « " 11-6. - - 18-a 

lft83, *' 8 - M u .^.Q u - 11-6 

1886, Oct 29 5 " ** u 5.^^ « " IS'6 

1202, " 2e •• « - 4-1^ a m 1J4 
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D. 1101» Oct. U oorr. to AD. IMO, Nor. IH). bcootniiig Kor. 18*7 



002, 


** 20 


M 


« 


Oct 81-1, 


M 


• 12« 


984» 


" 19 


U 


« 


" 816, 


M 


•• 18-8 


981, 


" 19 


M 


m 


- 81-8, 


« 


- 18-4 


908, 


" 18-6 


M 


m 


« 800, 


l< 


•• 125 



be last date is given in the previous table as A.D. 902, Oct 20th 
Dth. A partial examination of the historical evidence leads me to 
probable conclusion that the true date is the night of Oct li3-19t]i^ 
. 903. 

> comprehend fully the force of the argument involved in this table, 
original records of these several showers should be given. This 
ession seems to imply that the orbit of the body furnishing these 
^ors has only a small inclination to the ecliptic, and that the motion 
trograde. The small distance of the radiant from the point to which 
3arth is moving, to wit 7^, confirms this conclusion. b. a. k. ' 

Star shower in 1606. — On a bright night, Nov. 16th, 1606, it 
led as though it rained stars ; first fell only the largest and brightest 

from heaven, then indiscriminately the large and the small ones 
reat numbers. Before they reached the earth they were extin- 
led. — £. A. Bielz, Verhandlungen des Siehenburg, Vereint zu Hvr^ 
nstadt,, Jahrg, xiii, 1862. Quoted in Pogg» Ann,^ cxviii, 496. 

Meteorite of Tucson. — ^The meteoric iron of Tucson, described on 
53-154 of this volume, and called on p. 154 the Bartlett meteorite, 
lusion to its being figured and described by Mr. Bartlett in his Report, 
first brought to the notice of the scientific world by Dr. John L, 
>nte, as mentioned in this Journal, vol. xiv, 2nd ser., p. 289, (March, 

0- 

Observations of the August Meteors, — The Committee upon Period- 
Meteors of the Connecticut Academy of Arts and Sciences have 
year undertaken a more extended system of observations than in 
^ear preceding. In accordance with the desire and action of the 
lemy, a stellar chart suited to observations at all times was prepared 
^rof. H. A. Newton, of the Committee, and distributed to observers 
rious stations, together with instructions for observing at the August 
>d. The plan was to have parties of observers at two principal 
)ns, New Haven and Hartford. These parties were to communicate 
slegraph, so as to identify the meteors and to enable each corps 
bservers to give especial attention to those which had been actually 
at the other station. It was also an important part of the plan to 
re the cooperation of other persons, especially of such as were near 
igh to see the meteors observed at Hartford and New Haven. 
• hours on each of the three nights, from Aug. 8th to Aug. 1 1th, 
! designated as hours for watching. Notwithstanding the very 
vorable state of the weather, especially on two of the nights, and 
ailure of the telegraph also on a part of the third night, the Com- 
ee feel that they have been successful in their efforts. A goodly 
ber of paths have been observed with such care as to afford data 
omputing their parallax. Data also for obtaining some idea of the 
jities of these bodies have been obtained. 

wo of the Committee, Prof. Elias Loomis and the undersigned, took 
ge of the party at the New Haven station. The remaining two 
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memben, Prof C. 8. Lyman ind Pkt>f. H. A. Newton, directed thM it 
Hartford. 

Obeenrations have been received from Profl Bacbe at the Coait SonraT 
station near Wolcottville, Conn^ from Prof. Hopkins at Williams CoW 
lege, from Mr. Hough, Director of the Dudley Observatory at Albany, 
from Mr. B. T. Marsh at Philadelphia, and from various observerB si 
other stations, as will appear more fully fh>m the report of Prof Newtos 
given below ; who has undertaken the collation and reduction of the 
observations. 

It appean that the meteors were most abundant on the morning of 

the 11th. For the Committee, 

Alix. C, TwniiKo, Chairman, 
New Haven, Aug. 17, 1868. 

Summary of observations of shooting stairs during the August period^ 

1863, compiled 6y H. A. Niwtok. 

Julg 2bth. — From 9^ 30n to 10^ p. ic, I saw six shooting stars. There 
was a bright moon. 

Aug, 8a. — From 2^ to 4^ a. m.. Dr. A. W. Wright and myself recorded 
16 paths. The sky was clear and moon bright We could jnst see 
9 Ursae Minoris. One eighth of the time was lost in recording. The 
same day from 0^ 80" to 10*^ 30" p. m., I saw only four flights. The 
moon had iust risen. 

Aug, 6tL — In the evening in ten minutes two of us saw fbor meteoia 

Aug. 7/A.— From 0^ 30« to 10^ 45« p. m., I saw 17 flights. The 
time actually employed in looking was estimated at 50 minutes. The 
sky was very clear and without moon. 

Dr. A. W. Wiight observed with a comet seeker, the diameter of 
whose field was about 2f °, and whose magnifying power was 16, for s 
little more than an hour, commencing at 10 oVlock. He saw four shoots 
ing stars, tliree of which were not much brighter than the smallest stsit 
visible through the instrument He looked towards Polaris. 

Aug. Bth. — The committee had proposed to make concerted obeerrs- 
tions from 9^ p. u, till 1^ a. m. But the clouds intercepted all view of 
the heavens at most places, and interfered seriously at tne others. 

At New Haven, Prof. Twining, Prof. Loomis, Dr. Wright, Mr. Robeit 
Brown, Jr., Mr. W. Stocking, Mr. J. H. Kerr and Mr. T. W. Twioisff 
formed the observing party. They saw about 20 meteors and recorded 
most of their paths. 

At Hartford were Prof Lyman, Mr. P. H. Woodward, Mr. G. G. Rock- 
wood, Mr. T. Hooker and myself We recorded on the chart over 20 
paths, and described in a general manner about 10 more. 

At Hamden, 4 miles from New Haven, Prof W. D. Whitney secorod 
four observations. 

At Philadelphia, Mr. B. V. Marsh, looking towards the northesat) 
recorded 14 paths, which were nearly all that he saw in three hours. 

Mr. W. H. Hale, Ph.D., at Albany, saw two meteors, but the cloudi 
prevented farther watehing. 

At Easton, Pa., Prof J. H. Coffin saw and recorded 14 paths. 

At least five shooting stars were observed at two places so as to fu^ 
nish their parallax. Three of them were seen at three different piscsi 
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Two or three others were seen st two placesi but not well enoi^^h to 
obtain sltitades. 

Dr. Wright^ looking with the comet seeker towards Polaris, saw, in 
about an hour of time suited for observing, four shooting stars. Two 
were nearly as brij^t as Polaris. The others were much fainter. 

Auff, 9-lOtk, — ^The clouds and rain prevented observation at most 
places. We had arranged to observe from 11^ p. m. until 3^ a. m. Soon 
after one o'clock the clouds broke away partially at Hartford and New 
Haven. We obtained about 10 correspondences between these two 
places. Hon. J. Hammond Trumbull assisted us in Hartford. There 
were more shooting stars to be seen than on the preirious night 

Pro£ Whitney at Haraden, Mr. Marsh at Philadelphia, Mr. G. M. 
Whittelsey at Corchester, Conn., and Dr. Hale at Albany, each recorded 
several flights. 

Aup. lOth-llth, — The sky was clear at some places but not at others. 

At New Haven were Prof. Twining, Mr. Brown, Mr. Stocking, and 
Mr. T. W. Twining. Dr. Wright was using the comet seeker. At 
Hartford, Prof. Lyman, Mr. Trumbull, Mr. Allen, Mr. Rockwood, Mr. 
Hooker and mvself observed. 

Durinff the nrst hour and a half, the telegraph noted about 20 coin- 
cident observations, when one of the operators was taken ill. The 
flights were so freouent that some of these may be found to be coin- 
cidences of time only. The sky at New Haven soon after clouded over, 
and the party broke up. At Hartford, about 150 paths were recorded 
and many others described but not drawn on the chart. 

Dr. Wright had about a half hour of good time for observing, in 
which he saw four very faint meteors. 

At a station of the U. S. Coast Survey near Wolcottville, Prof. Bacha 
and his assistants had made very careful preparations for observing. 
The weather was however very unfinvorable. JPro€ Bache reports 16 
paths recorded bv Mr. Geo. W. Dean, Assistant IT. S. Coast Survey, Mr. 
R. E. Halter, Sub-assistant, and Mr. S. H. Lyman, Aid. 

At Williarastown, Prof. Hopkins, assisted by Mr. Edward W. Morley, 
who was formerly an assistant in the observatory, recorded about 40 
paths. The times of appearance were kept by an assistant at the transit 
diode 

Mr. Hough, aided by Mr. Simons and Mr. McClure, made at the Dud- 
ley Observatory careful estimates of the duration of flight, and a con- 
siderable number of determinations of place of appearance and disap- 
pearance. 

Mr. R. Norman Foster, at Northampton, Mass., reports places of more 
than 20 paths, the times of appearance being noted by Mr. Louis 
Lamporte. Assistance was given him by Mr. Orlando Hastings and 
Mr. N. S. Wiard. 

From Haraden, Prof. Whitney reports about 70 paths seen between 
lO'' p. M. and S^ a. m. 

Dr. Hale sends from Albany about 40 paths observed. 

Mr. C. M. Whittelsey, at Colchester, Conn., recorded over 40 flights 
between 9^ and 12^ p. m. 

Rev. T. S. Potwin, at East Windsor, Conn., and Rev. Wilder Smith 
at Berlin, Conn., each recorded about ten paths. 
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' J. H. Womll, Ph.D.y at Newaric, Delaware, recorded about 25 paths. 
Mr. Marsh, at Philadelphia, and Mr. F. Bradley, at Chicago, ako made 
^niilar observations. 

' The numbers of shooting stars seen on this nigbt were raoch lafger 
than on the previous night. We think they were a little larger than on 
previous years. 

Mr. B. V. Marsh observed alone near Philadelphia 1 30 flights between 
10^ p. M. and 1*' 60™ k. u. He counted as conformable all which radi- 
ated from Perseus or Cassiopeia. 

From lOH Qm to 10l» 15"B, in 16 mioates he saw 2 oonformable, I QDOotifomuible. 
" 10 16 «• 10 80 " 16 " " 6 " 1 



u 
u 



" 10 80 " 10 46 •• 16 " "7 •* . 

- 10 46 " 11 00 " 16 «' •* 4 " 

•* 11 " 11 16 " 16 " " 6 «« . « 

« 11 16 " 11 80 " 16 " " 7 " 4 « 

•* 11 80 " 11 46 - 16 " " 12 " 1 •• 

- 11 46 " 12 " 16 •* . " 4 " 1 

«* 12 " 12 16 " 16 •« «« 9 " 2 « 

« 12 84 '* 12 46 " 11 " « 10 •« 1 

•* 12 62 «* 1 ** 8 " "6 " 1 " 

« 1 " I 16 - 16 «* "7 ** • 

•• 1 16 " 1 80 " 16 " " 17 " 2 •• 

1 80 '< 1 46 - 16 " " 14 •• " 

•* 1 46 " 1 60 " 6 " "8 •« a " 

Total, in 204 mioutet, 118 coDf*mabI«, 17 anoonfonDsUs. 

There was spent in locating tracks, making notes, &c., probably one- 
fifth of the time, say 41 minutes. This reduces the time actaally en- 
gaged in watching for meteors to 163 minutes, making the hourly num- 
ber for one observer about 48. 

At Manchester, Me., Mr. Joseph G. Pinkham and Mr. £. Pope Saropsoa 
counted in three hours 257, as follows : 

From 9l> to IQh , 44 conformable, and 2 oncoDformable. 
u iQ i« 11 67 - 4 

- 12 " 1 142 " 8 

Total io 8 hours, 243 ooDformable, 14 uocooformable. 

At Williams town, a party of about a dozen counted 162 between 11 
and 12 o'clock. 

At Hartford, six of us, counting aloud to prevent duplication, saw-^ 

From 8b lOm to 8b 20ni, a. il, 66 flighta. 
" 8 20 " 8 30 " 49 " 

" 8 80 •• 8 40 " 49 " 

Total in a half hoar, 168 ** 

Many of these were seen by two or more persons. It was estimated that 
the average number seen by each one during the half hour was about 40. 
The moon, the clouds near the horizon, and the twilight somewhat 
diminished the number. It was estimated that there was no increase of 
frequency over the two hours preceding. About a dozen were uncon- 
formable. 

At Northampton, two persons saw 43 meteors between 0*^ and 10^ 
80"*. One person, between 10** 30™ p. m. and 2*» a. m., assisted by a 
second observer during the last ten minutes, saw 360. 
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G^t C. R Daitoii, near Fortsmontli, Ya., coanted 88 in about an 
hoar, early in the evening. 

A party of three persons at the honse of Prof. Silliman, Jr^ counted 
96 meteors from 9^ lo"" to 10^ 16™, about fifteen per cent of them were 
unconformable. A fourth person was present one third of the time. 

Mr. Francis Bradley, at Chicago, had made arrangements for observing 
throughout the period. The clouds covered the sky until near one 
o'clock on the morning of the 1 Ith. From l^ 45"* to 2'* a. m. he counted 

14 flights. From 1^ to 2^ he saw 87, of which 14 were not conformable 
to the radiant 

Mr. Francis Miller, at Sandy Spring P. O., Md., with an assistant, ob- 
served during the three nights, but the results have not yet reached us. 

It was noticed at several places that almost the only very brilliant 
flights were early in the evening. This appears to have been connected 
with the fact that the radiant was then near the horizon. 

Prof. Twininff has given especial attention to the determination of the 
duration of flight of the meteors. He employed the method described 
by him in a previous number of this Journal ([2], vol. xxxii, p. 448). The 
average of over 20 estimates is about 0"*6, and the average angular 
velocity 14^^ This he considers too great for the average duration of 
flight of all the shooting stars, which is not probably more than 0"*4 or 
0*-5. His estimates of time include the instant between the first percep- 
tion and first definite sight The space moved over in this instant not 
being usually included in the arc as laid down, the angular velocity above 

given is probably too small. The discussion of the estimated times of 
ight and velocities will be considered more at length hereafter. Valua- 
ble materials for this purpose have been contributed by various observers. 
Prof. Twining watched on the evening of Aug. 11th from 11^ 45™ to 
1^ A. M., for an exact determination of the radiant This he locates at 
R. A., 47** 46', N. P. D., 32** 45'. The radiant for the preceditig evening 
he places near the sword handle of Perseus. At 10^ 25™ of that evening 
he saw a stationary star (the fourth he had ever seen) at R. A., 35*, 
N. P. D., 31^ 40'. He considers the motion of the radiant, pointed out 
in a previous article (this Journal, [2], xxxii, 444), confirmed by the 
appearances this year. 

£ feel great doubt however myself of the motion of the radiant The 
radiant is not a point, but a region of some size. Its exact determination 

15 to be made out, I think, only by considering a large number of paths. 
The stationary star seen by Prof. Twining of course fixes only the direc- 
tion of that path. Mr. Allen, at Hartford, at 2*^ 18™ a. m., saw a stationary 
star in the constellation Triangulum. If the exact shape and size of the 
region of emanation could be determined, it would give us valuable 
materials* for finding the shape and extent of the ring, or disk, which fur- 
nishes these small bodies. 

At Natick, Mass., Mr. F. W. Russell, assisted by Mr. J. H. Wilson, 
Mr. F. W. Harwood and Mr. E. H. Wolcott, observed on various eve- 
nings from Aug. 4th to Aug. 13th. The following facts are condensed 
from his report 

Aug. Uh. — ^Three observers while walking in the evening saw in one 
hour 12 meteors. 
Am. Jour. Sci.— Second Sbrdbs, Vol. XXXVI, No. 107.— Sept., 1868^ 
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Aug. 5^^— From i^ to 10** p. u^ two persons saw, while walking, 15 
flights, 10 of them in the last 15 minutes. 

Aug. 6^A. — ^Three observers saw 30 meteors in an hoar. A faint 
aurora visible a part of the time. 

Aug, 1th, — Sky much obscured. In ten minutes two persons saw 5 
flights. 

Aug, 9<A. — A friend saw 20 very bright meteors in less than 30 minutes^ 

Aug. lOth. — In the morning, from 3^ 40™ to 4*>, Mr. Russell saw 13 
flights, twelve conformable. In the evening, four observers watched from 
a little after 9^ p.m. until a little after 12 p. m., and three observers 
the rest of the time until 2 o'clock a. m. The following is the result : 



From 9^ to 10b, 


74 coofonnable, 2 uDoonformable, 


" 10 *« 11 


128 « 9 « 


" 11 " 12 


140 « 24 - 


«• 12 « 1 


124 - 21 " 


u I u 2 


119 •* 26 « 



Total, 680 "81 •< In all 661. 

No two meteors were counted twice. The hourly averages from the 
above table are, for each observer, Ist hour 19, 2d hour 33, 3d hour 41, 
4th hour 46, and 5th hour 48. While arranging the watch^ 27 more 
were seen, making 688 in about 5** 10°>. The radiant was in the tri- 
angle, 17, jr, T Pcrsei. Seven meteors were observed which passed through 
Cassiopeia almost into this triangle. 

Mr. W. G. Bryant, at Winchendon, Mass., saw 41, between 8^ 30" and 
10*» p. M. 

Aug. lUh. — In the evening, Mr. Russell saw — 



From 9h to lOh, 


6 conformable, 4 one 


mifoi 


" 10 "11 


29 " 10 


M 



Thin clouds and distant lightning interfered with observation. 
Aug. I2th. — Two observers, from 9** to 11** p. m., saw 67 meteors, 
follows : 



From 9h to lOh, 


28 conformable, 11 miconformable. 


" 10 " 11 


18 « 16 



(f 



Aug. \Zth. — Two observers, from 9^ to 10^ p. m., saw 12 conformable, 
and 11 unconformable. 

Mr. Russell gives the following positions of the centre of the radiant: 

Aug. 4th, R. A., 

« 6th, 

« 6th, 

« 7th, 

" 10th. A. M., 

« lOth-nth, 

« nth, P.M., 

" 12th, 

** 13th, 

On some of these days, he was not able to fix totisfactorily the poei- 
tion, yet he thinks none will vary more than one degree from the truth, 
and that most of them are exact within half of a degree. 



170 


0', 


N. P. D., 


86® 


80', 


858 


20 


M 


81 


10, 


20 


15 


U 


81 


10, 


27 


40 


M 


88 


46, 


48 





U 


87 


0. 


89 


35 


U 


86 


20, 


42 


30 
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87 


40, 


48 


20 


tt 


88 


10, 


49 


26 


M 


81 


20. 
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VI. MISCELLANEOUS SCIENTITIC INTELLIGENCE, 

1. Electric lilutnination at Bostony — Pkotometrical powers of the light^ 
Hn a letter to Prof. B. Silliman, Jr., from Prof. Wiluam B. Rogers, 
dated Boston, Angast 14, 1863). — I send jon a short account of my 
observations on the power of the electric light exhibited with sacn 
strikingeffect by Mr. Ritchie on the evening of the 6th inst. (the Na- 
tional vllianksgivinff *) in this city. Through his kindness, I was enabled 
to make a more satisfactory measurement of the illuminating force of 
the battery at the State House, than I had the means of doing on the 
occasion of its former exhibition on the 4th of July. 

The battery in question, consisting of 250 Bunsen elements, having 
each an acting zinc surface of about 85 inches, and grouped in five 
batallions of 50 each, was arranged in the dome of the State House, 
and the carbon light and the photofneiric apparatus prepared for the 
purpose were placed in line across the same apartment, commanding a 
range of about fifty feet. 

In view of the immense power of the light as observed in the previous 
experiment, I substituted for the 20-candle ^as burner, used at that time 
as the standard of comparison, a unit ten times as great, formed by the 
flame of a kerosene lamp placed in the focus of a small parabolic re- 
flector and throwing its concentrated light on a photometric screen of 
prepared paper fixed in front of it, at the distance of five feet Before 
the observation, the lamp and reflector were so adjusted as to make the 
light cast on the near side of the screen equivalent by measure to the 
action of 200 candles. 

This was done by the intervention of a kerosene lamp fitted up with 
a bridge of platinum wire for defining and restricting the height of the 
square flame. Such a lamp I find of frequent use in ordinary photome* 
try, as, when suitably adjusted, it gives the light of about eight standard 
candles, and thus transfers the measurement in the photometer to the 
wider divisions of the scale. Being suspended in a balance of peculiar 
construction, its rate of consumption enables us to correct for any slight 
departure from the assigned illumination. The lamp thus regulated 
was placed with its flat flame 12 inches from the screen, while the lamp 
in the reflector was distant 60 inches — and the flame of the latter was 
adjusted until the efl'ects on the screen were equalized. 

A platform supporting the standard lamp and screen at the assigned 
distance was arranged to slide on a horizontal graduated bar, extending 
directly towards the carbon points so that the screen should receive the 
rays from the electric light and from the reflector perpendicularly on its 
opposite faces. In making the observations, the platform was moved to 
and fro until the illumination on the opposite sides of the screen was 
judged to be equal, and then the measured distances of the two antago- 
nizing lights from the screen gave by easy computation their relative 
illuminating power. 

By a series of such observations, it was found that the carbon light 
had a force varying from 52 to 61 times that of the lamp with reflector, 
making it equivalent in illuminating power to the action of from 10,000 
to 12,000 standard sperm candles pouring their light from the same 
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distance apon the surface of the screen. This it will be remembered is 
the effect of the unaided carbon-light sending its rays equally in all 
directions from the luminous centre, and falls vastly short of the illumi- 
satine force of the cone of collected rays which was seen stretching 
like the tail of a comet from the surface of the great reflector. Judging 
from some recent experiments on the power of such a reflector to aug- 
ment the intensity of the light emanating from its focus, there can be 
no doubt that, along the axes of the cone when brought to its narrowest 
limits, the illuminating force of the carbon light as displayed on the 
State House could be rivalled only by that of several millions of candles 
shining unitedly along the same line. 

In tne above described observations, a thick screen was necessary on 
account of the great intensity of the lights to be antagonized. I need 
hardly say that the different color of the two lights added much to the 
difficulty of the measurements. But, by manning in each case the 
extreme limits on either side, it was practicable to adjust the screen 
pretty accurately to equality of illumination. 

The only previous experiment of precisely the same kind which I can 
recall is that of Bunsen, cited in the books, which was made with a 
battery of 48 elements. In this the photometric equivalent of the 
carbon light was estimated at 572 candles, or nearly 12 candles to the 
cell. My observations show a power more than three times as great, or 
about 40 candles to the cell, a difference due no doubt largely to the 
more intensive battery at my disposal and the cumulative effect of its 
arrangement I suspect too that the elements in Bunsen's observa- 
tion were of inferior size, but on this point I am without definite 
information. 

2. Vermilion Bock Salt Mine at Petite Anse, Louisiana, — One of the 
&ct8 of scientific interest brought to light by the Southern rebellion is 
the discovery of an important deposit of rock salt of remarkable purity 
in the island of Petite Ansc, in Venuillion Bay, on the Gulf coast of 
Louisiana. By tbe kindness of Mr. Geo. D. Colburn, a large specimen of 
this salt has reached us. Its analysis by Dr. J. L. Riddell, of New Or- 
leans, gives the following composition : Chlorid of sodium 98 88, sulphate 
of lime 0-76, chlorid of ma^cnesium 0*23, chlorid of calcium 0*13, z=lOO. 
This analysis, it will be seen, makes the Petite Anse salt almost pure. 

Salt springs had been known on the island from an early period, but 
no suspicion existed of there being rock salt near the surface until the 
late owner, Judge Avery, with the view to improve the flow of water 
from one of the saline springs, caused an excavation to be made, when, 
at the moderate depth of only fourteen or fifteen feet from the surface, 
the laborers struck the bed of white rock salt, which they at first 
imagined must be ice. It was at once recognized, and proved of incal- 
culable advantage to the Confederates, as well as a source of great 
wealth to the owner. The Island of Petite Anse (Little Elbow Island), so 
named from its shape, is a body of very fertile land, supporting rich crops 
of sugar cane and corn, besides forest trees, about 2^ miles long by 1^ 
wide and containing about 2100 acres. It rises 1 70 feet above tide in the 
midst of a wide spreading marine swamp. The soil of the island is an 
nmbcr-colored argillaceous sandy loam, capable of forming good bricks. 

The salt is covered by a whitish, cream-colored solid smooth rock, at 
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an average depth of about 19^ feet below the siirfiu^e or 4^^ feet below 
tide water. There is no moisture or brine in the deposit, the salt being 
compact, hard and perfectly dry. Oor iDtelligent correspondent is not 
a geologist, nor does he send ns any fossils with the salt Bat the 
deposit is andoobtedly of Tertiary aee. 

3. NoU on the Rule of Prioriiy.—lxk reading the reclamation of Mr. 
Crookes, reproduced in the March No. of this Journal (pp. 277-279), it 
seems that some confusion prevails, through which a rule of naturalists, 
regulatinff nomenclature, is misapplied. Mr. Lamy is said to stat^, and 
Mr. Cro(£es cites it as if indisputable, that ^ it it priority </ pubHeatiom 
which conatitutei priority of invention ;^ and the latter thinks himself 
thereby precluded from producing even the personal testimony of an ob* 
server in his behalf. We venture to say that the rule above^sited has 
BO existence, and from the nature of the case could and ought to have 
none. The fact of a discovery is to be established by evidence, and no 
sort of evidence by which it may be established can be excluded. Abun- 
dant illustrations of this may be adduced from the history of almost 
every science. The rule which ha^ been here misapprehended is one 
which fixes nomenclature. Naturalists have established, and physicists, 
Ac, have adopted, the very necessary rule that publication is essential to 
give validity to a name^ — that the name first published takes precedence. 
The discovery of a fact or a thing, and the imposition of a name, are two 
different matters, and not rarely dissociated. The first is to be established 
by any good evidence : the second is governed by an arbitrary but most 
just rule. Thus the name Thallium^ it appears, is established by Mr. 
Crookes, by priority of publication. The date of the discovery of the 
metal, to which this name is given, is to be authenticated by whatever 
testimony can be adduced, — is a question of fact and not a question of 
Domenclatfire. a, o. 

[The preceding * Note' was prepared immediately afler the issue of the 
March number of this Journal. As it states clearly a well established 
though often forgotten principle in the ethics of science, we now put it 
on record for future reference. In the June number of the Phil, Mag^ 
Mr. Crookes has published a full history of the discovery of thallium 
with all its documents, for an early copy of which he has our thanks. 
Tested by the criterion of the above Note, all doubt on the priority of 
Mr. Crookes's discovery disappears, if any before existed. It is not requi- 
site to discuss whether the printing of labels and the exposure of speci- 
mens in the great Exhibition of 1862 constituted publication. The ques- 
tion of priority is decided in Mr. Crookes's favor by abundant testimony 
which no weight of academic or personal influence can overthrow.] 

4. The thirty-third Meeting of the British Aeeociation for the Ad' 
vaneement of Science was held at Newcastle-upon-Tyne, Aug. 26, but at 
this time, of coarse, no report of the proceedings has reached us. 

6. Personal, — Dr. Wolcott Gibbs, one of the associate Editors of 
this Journal, has accepted his election to the Rumford foundation in 
Harvard College, left vacant some time since by the resignation of 
Prof. E. N. Hereford. Dr. Gibbs enters on his new duties at Cam- 
bridge at once, having already removed from New York, where he has 
so long and ably discharged the duties of the chair of Chemistry and 
Physics in the New York Free Academy. 
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1. Heat eonsidtred at a mode of Afotimi : being a conne of twelve 
lectures delivered at the Royal Institution of Great Britain in the sea- 
son of 1 862 ; by John Ttnd all, F.R.S., drc, Prof, of Nat Phil, in the 
Royal Institution. With illustrations. New York: D. Appleton k 
Co. 1863. 12mo, pp. 480. — This book is destined to become a classic 
in the literature of science. With all the skill which has made Faraday 
the master, in Great Britain, of experimental science, Dr. Tyndall enjoys 
the advantages of a superior general culture, and is thus enabled to set 
forth his philosophy with all the traces of eloouence and the power of 
superior diction. The Royal Institution is truly fortunate in the suc- 
cession of the eminent men who, from its organization at Sir Joseph 
Banks's house on the 9th of March, 1799, to this time, have made its 
name illustrious. Young, Davy, Faraday, Tyndall, in physical science, 
Smith (Sir James Edward), Lindley, Roget, Grant, Jones, Carpenter, 
Huxley, and Owen, in natural historv and anatomy, form a list socb as 
few literary or scientific institutions m the world can boast 

The lectures at the Royal Institution have always been of command- 
ing interest. In them Davy first expounded the philosophy of flame, 
the nature of chlorine, the existence of the alkali metals. Faraday fol- 
lowed with his ever-memorable electrical researches, the laws of electro- 
lysis, the conductibility of gases, diamagnetism, and the nmpietism of 
gases ; Tyndall, on the transmission of heat through gases, the glaciers 
and vegetation, and now with the course before us, in which, with s 
simplicity and absence of technicalities which render his ezplanatioM 
lucid to unscientific inind», and at the same time a thoroughness and 
originality by which he instructs the most learned, he unfolds all the 
modern philosophy of heat, commencing with the researches of von 
Mayer fifteen years ago, and embracing those of Joule and others at s 
later date. The first seven lectures deal with thermometrie heat : iti 
generation and consumption in mechanical processes ; the determination 
of the mechanical equivalent of heat ; the conception of heat as mole- 
cular motion ; the application of this conception to the solid, liquid, 
and gaseous forms of matter ; to expansion and combustion ; to specific 
and latent heat ; and to calorific conduction. 

The remaining five lectures treat of radiant heat: the interstellar 
medium, and the propagation of motion through this medium ; the re- 
lation of radiant beat to ordinary matter in its several states of aggre- 
gation ; terrestrial, lunar, and solar radiation ; the constitution oi the 
sun ; the possible sources of his energy ; the relation of this energy to 
terrestrial forces and to vegetable and animal life. 

The author rises to the level of these questions from a basis so ele- 
mentary, that a person possessing any imaginative faculty and power 
of concentration can accompany him. 

Our readers will have an opportunity of becoming familiar with many 
of the fundamental ideas developed so beautifully in Dr. TyndalFs book, 
by perusing the memoir of von Mayer, the republication of which is 
commenced in the present number. It will need no addition of ours 
to induce all who feel an interest in this department of research to read 
up by Dr. Tyndairs *' Heat as a mode of Motion." 
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8. Bratute and Tayhf^t ChimUtry.^ — This book is remarkable among 
Sogliah manoals of chemistry for entering directly upon the discussion 
of pore chemistry without the usual chapters on general and chemical 
physics. Matter and its properties, crystallization, isomorphism, chemi- 
cal afiBnity, solution, electrolysis, equivalent weights and volumes, and 
nomenclature and notation, are all disposed of in about seventy pages. 
The body of the book (609 pages) is almost equally divided between 
the subjects metalloids, metals, and organic chemistry. It is eminently 
a practical old-fashioned book, prepared by authors who are neither of 
them remarkable for their own additions to the science, but who have 
a weU-eamed reputation as teachers and compilers, functions which, 
when ably discharged, are certainly most meritorious. This volume is 
▼ery carefully prepared, and abounds on every page with marks of 
fidelity and patient reading. It is an excellent book to put into the 
hands of students, and as a guide to the teacher, although its uniform 
small type, unrelieved by any change of appearance beyond italic heads, 
and destitute entirely of til illustrative cuts, renders it by no n^ans 
easy reading* It is impossible to prepare a book on chemistry more 
completely in contrast with the recent work of Dr. Odling, (the first part 
which we owe to the kmdness of the author) in which the unitary sys- 
tem is, for the first time in English, thoroughly carried out 

3« Supplement to Ure^i Dictionary* — Dr. Ure^s dictionary has a hold 
npon the general mind beyond that of any similar work in the English 
language. It is a very acceptable thing, therefore, to a large class of 
readers, to have this Supplement by Mr. Hunt, designed to bring mattera 
up to the present time in very numerous departments in which the rapid 
progress of science and art had left very much to desire. 

Assisted by about fifty of the best men in England, Mr. Hunt has 
produced in this Supplement a work certainly of varied, but in the 
main of great excellence. While it is truly a Supplement to Ure^s 
Dictionary, it is also an independent and very comprehensive book of 
reference by itself, furnished at a moderate cost and consequently ac- 
ceptable to a large number. In the new English edition of Ure in 
three volumes (at a cost of $38) the materials of this American edition 
are distributed throughout the older matter. The American edition is 
also in three volumes (embracing 3212 pages), of which this Supple- 
ment is the third. 

4. Tke American Annual Cyclopedia and Register of Important 
Events of tke year 1862. Vol. II. New York: D. Appleton% Co. 
Large 8vo, pp. 830. — ^Tbis work is designed to embrace a double char- 
acter, as an annual register and as a continued supplement to the Amer- 
ican Cyclopedia by the same editors, the completion of which we have 
already announced (this Journal, [2], xxxv, 304). As is both natural and 

' Chemistry. By William Thomas Bbandk, D.C.L., F.R.S., L. and E., and Al- 
VEBD Swains Tatloe, M.D., F.R.S., tc Philadelphia: Blanchard <b Lea. 8vo, 
pp 696. 

' A Sapplement to Ure*9 Dictionarj of Artu, Manufactures, and Mines, A&, 
edited by Robbet Hunt, F.R.S., F.L.S., Keeper of Mining Records, assisted by nu- 
merous contributors eminent in science and familiar with manufactures. Illustrated 
with 700 engravings on wood. New York: Appleton <b Co. 1868. Largt 8vo^ 
pp. 1096. 
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proper, a large space is devoted to the registration of the great political 
events which are now in prog^ss in the United States. Thus, undv 
^ Army operations,'* we have a review of military events for 1862, filling 
172 paffes, with numerous maps and plans. But science is not forgotten 
under the heads Astronomy, Auroras, Barometer, Building materisla, 
Chemistry, Earth, Electricity, Illumination, Meteorology, and many other 
titles, which are partly reviews of progress and partly new additionsi 
The work is very valuable as a booK of reference, and displays greit 
industry and good judgment in its preparation. 

5. Trarucbctions of the Illinois Natural HUtory Society^ Vol. I, 2nd 
ed. 194 pp. 8vo. Springfield, Illinois; edited by C. D. Wilder, Secre- 
tary. — Thi» first part of volume I. contains a short paper on a geological 
tection of the Rock river valley, 111., by O. Everett, M.1). ; another on the 
remains of the Mastodon in Illinois, by C. D. Wilder; others oontainiog 
oataloffues of Illinois species in Botany and some departments of Zoology, 
by R H. Holder, G. Thomas, and G. Vasey, besides an aKiele on Insects 
injurious to vegetation, by B. D. Walsh. The Mastodon remains de- 
scribed were found in Northern Illinois near Aurora (west of Chicago). 
They consist of two tusks and seven teeth. The tusks were 10 feet k>ng. 

6. On the Origin of Speciee^ wr the Cauees tjf the Phenomena <^ Or- 
panie Nature — a course of six Lectures to Working Men ; by Thomas 
H. HoxLBT, F.II.S., etc. 150 pp. 8vo. 1863. New York, D. App1eton4 
Company. — This little volume, republished from the English edition, is s 
brief popular discussion of the great subjects mentioned in the title. We 
have already expressed some of our objections to the teachings of the 
author on species, in our notice of his work on ^ Man's Place in Nature." 

OBITUARY. 

Dr. Samuel Prkscott Hildrrth, of Marietta, Ohio, for nearly forty 
years a constant contributor to this Journal, died July 24, 1863, at Ma- 
rietta, after an illness of about three weeks, llis disease, enteric fever, 
commenced July 5, resulting in hemiplegia on the 18th, manifested by 
insensibility and paralysis of tho right side, which continued until death. 
He was nearly 80 years of age, having been born Sept 30th, 1783, in 
Mcthuen, Essex Co., Massachusetts. 

Dr. Hildreth was one of the first pioneers of science in the country 
west of the Alleghany Mountains. His first commnnication appeared in 
the tenth volume of this Journal, (1826^, ^'On facts relating to certain 
parts of Ohio.*' His series of ' Meteorological registers' commenced in 
vol. xvi, for 1828, and has been continued without intermission for thirty- 
five consecutive years, the last being published in March of this year (xxxv, 
181). At the request of the Senior editor of this Journal, Dr. Hildreth 
undertook an exploration of the coal regions of the Ohio, which w» 
published in January, 1836, (vol. xxix, p. 1), under the title of '' Observa- 
tions on the Bituminous coal deposits of the valley of the Ohio, and 
the accompanying rock strata ; with notices of the fossil organic remam 
and the relics of vegetable and animal bodies, illustrated by a geologiod 
map, by numerous drawings of plants and shells, and by views of inle^ 
estin? scenery." This was the most important of Dr. Hildreth's scien- 
tific labors and by far the most valuable contribution which up to that 
time had appeared on the subject discussed. It filled an entire number 
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i'155 jMigefl) of this Journal, and was profhsely illustrated by figures of 
ossila, sections, and original drawings, embraced in thirty-six plates on 



In 1887, Dr. Hildreth was appointed one of the assistant Geologists 
upon the Geological Survey of the State of Ohio ; his report forms part 
of the published documents relating to that survey. The memory of 
Dr. Hildreth will always be cherished among the early contributors to 
American geology. 

Dr. Ilildreth was also an industrious and acute observer of facts in 
his special department, and the medical journals from 1808 to 1825 
contain many valuable papers from his pen. 

His active mind embraced among the obiects of his research various 
interesting historical questions, and we are indebted to his industry and 
personal knowledge for the preservation of many valuable facts relating 
to the eariy history of Ohio and Western Viri^inia. Such are his *^ HU- 
tory of the SettUment of Belville^ Western Virginia^ published in the 
Heeperian Magazine. In 1848 he published ^^ Pioneer History of the 
Ohio Valley and of the Northwest Territory^'* a volume of 525 pages. 
This work is drawn chiefly from original sources, and is full both of 
entertainment and instruction. It contains plans and picturesque views 
of the early forts and villages of the pioneer settlers, who were emigrants 
from New England and chiefly from Connecticut. In 1852, he issued 
his **Lives of the Early Settlers of Ohio^ an 8vo. of 539 pages. 

His collections in various departments of natural history, to the num- 
ber of about 4000 specimens, be presented, together with his scientific 
library, to Marietta College, Ohio, where they occupy a room known as 
the ' Hildreth Cabinet.' 

Dr. Hildreth did not shrink from his share of the duties and respon- 
sibilities of civil life which the republic imposes on all her sons. At 
the age of 27 we find him (in 1810 and again in 181 1). in the Ohio 
Legislature as a supporter of Jefferson and Madison. He held the office 
of collector of non-resident taxes for eight years, when the office (in 
1819) was abolished. He was also Clerk of the Ministerial Lands, to 
the close of his life, for 53 years. 

In his private life he illustrated every virtue of a christian gentleman. 
Bright and cheerful by nature, he loved nature with the simple enthusiasm 
of a child. Industrious and systematic in a high degree, no moment of 
hia life was wasted. In his family, we have seen a beautiful example of 
domestic happiness and warm hearted hospitality. He lived with nature 
and nature's God — and among the patrons and co-workers in this Journal 
who have left its founder almost alone, no one has shed a purer and 
more mellow light in the horizon of his setting sun — no one has departed 
more loved and regretted by the Senior Editor. 

Joseph Stillman Hubbard, Professor of Mathematics in the U. S. 
Navy, and since 1845 detailed to duty in the Naval Observatory at 
Washington, died at the house of his widowed mother, in New Haven, 
Aug. 16th, 18G3, aged 40 years. 

Few of the younger men of science in America have a more honora- 
ble reputation than Prof. Hubbard. His taste for astronomy and hia 
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mathematical ability were evident during bis nndergraduate coarse at 
Yale College, where be graduated in 1843. Early in 1844, be was ap- 
pointed an assistant in the High School Observatory, at Philadelphia, 
then in charge of the distinguisbed astronomer, Sears C. Walker. The 
next autumn he was employed by Captain (now Major (General) Fremont 
to reduce bis liocky Mountain observations, and was invited to* accom- 
pany him on his next expedition. Declining this offer, be was, at the 
instance of Fremont and Senator Benton, appointed by Hon. Geo. Ban- 
croft, then Secretary of the Navy, a Professor of MatbematidI in the 
U. S. Navy, and assigned to duty in the then new Naval Observatory, at 
Washington. This post he filled with distinguished zeal and fidelity to 
the time of bis death. The printed volumes of the Washington observa- 
tions are full of the evidences of bis skill as an observer and a compater. 
His powers, under the peculiar management of Superintendent Maory, 
were made to contribute, perhaps, more to the factitious reputation of 
that person, than to bis own advantage. The flight of Maury to his 
own place, and the accession of Gilliss to the bead of the Observatory, 
was no less a matter of congratulation to American science than to the 
oflScers of the Observatory. 

Prof. Hubbard was a freouent contributor to tbe Astronomical Journal. 
His investigations on Biela's comet are there recorded in a series of 
elaborate papers, as also those on the great comet of 1843, on tbe orbit 
of Egeria and many others. Tbe article. Telescope, in Appleton^a 
American Cyclopcdiay a valued paper of much labor, is also from bis pen. 

His labors of love in the cause of benevolence and religion were not 
less zealous and unremitting in the discharge of every duty, than in the 
paths of science. He was married in 1848, but bis wife died before him. 
He left no children. 

James Renwick Chilton, of New York, long known as a leading 
commercial chemist, died at Yonkcrs, N. Y., July 24, 1 863, at tbe age 
of 54 years. 

Stillman Masterman, of Weld, Maine, died July 19, 1863, aged 32 
years. He was an esteemed astronomical observer and an occasional 
correspondent of this Journal. A notice of his life and labors will ap- 
pear in our next 
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Abt. XXVlil. — On certain paralhl relations between the classes 
of VertiArateSj and on the bearing ofViese if lotions on the question 
of the distinctive features of the Reptilian Birds ; by James D. 
Daka. 

At the close of an article by Prof. Hitchcock, in this volume 
(p. 57), a portion of a letter of the writer is quoted, in which a 
parallelism is drawn between the Ootocoid or semi-oviparous 
Mammals (Marsupiah and Monotremes), the Ichthyoid Beptiles 
{Amphibians of DeBlainville, Batrachians of many authors), and 
the Beptilian Birds. The general fact of this parallelism throws 
light on (1) the classification of Mammals, (2) the distinctive 
features of the Beptilian birds, and (3) the geological progress 
of life. 

1. Classification. — The Amphibians are made by many zoolo- 
gists an independent class of Vertebrates, on the ground of the 
fish-like characteristics of their young. The same systematists, 
however, leave the Marsupials in the class of Mammals, not- 
withstanding their divergencies from that type. The number 
of classes of Vertebrates, usually regarded as four, thus becomes 
five, namely. Mammals, Birds, Beptiles, Amphibians and Fishes. 
There are some indications that this number will soon be further 
increased by some zoologists, through the making of another 
class out of the Beptilian Binls^ 

' ProfoMor Agaasiz, io vol. i of his ContrihutioiiM to the Natural History of tht 
United Statet, page 187, subdivides Fishes into four clauei, namely, 1, Myzonta; 
2, Fishes proper, or Teliosts (Glenoids and Cycloids) ; 3. Ganoids ; 4, Selachiani ; 
which would make the total numlier of classes of Vertebrates nine, 
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The discovery of the Reptilian Birds has broaght the general 
law to view, that, among the four classes of Vertebrates, ordina- 
rily received, each, excepting the lowest, consists o^ first, & 
grand ti/pical division, embracing the majority of its species, 
and secondly^ an inferior or hemitypic division, intermediate be* 
tween the typical and the class or classes below. 

Before proceeding with our illustrations of this point, a word 
may be added in behalf of these four classea In order to ap- 
preciate their true value, it is necessary to have in view the 
type-idea which is the basis of the fundamental characteristicB 
of each, and which is connected with the existence of three di8> 
tinct habitats for life — the water, the air, and the land: that in 
Fishes, this idea is that of swimming aquatic life ; in Beptilei, 
that of creeping terrestrial life ; in Birds, tnat o{ flying aerial lift; 
in Mammals, that of terrestrial life, again, but in connection with 
a higher grade of structure, the Mammalian. The type-idea is 
expressed in the adults both of the typical and hemitypio 
.groups ; and any attempt to elevate the hemitypio into a sepa- 
rate class tends to obscure these ideal relations of the groaps in 
the natural system of Vertebrates. 

The following are tii^e illustrations of the law above mentionei 

(1.) In the classification of Vertebrates, Mammals, Uie &Bt 
class, are followed by Birds, as the second ; and while the former 
are viviparous, the latter are, without exception, oviparous. The 
species of the inferior or hemitypio group of Mammals, partake, 
therefore, in some degree, of an oviparous nature, as tne term 
semi-oviparous or Ootocoid implies. 

In fact, all Vertebrates excepting Mammals are typically ovip- 
arous, although some cases of viviparous birth occur amoDg 
both Reptiles and Fishes. In the viviparous Mammal, the em- 
bryo during its development derives nutriment directly from 
the body of the parent until birth, and also for a time after 
birth; while in the viviparous Fish, the Selachians excepted, 
there is simply a development of the egg internally, in the same 
manner, essentially, as when it takes place externally. Apply- 
ing then the term oviparous to all cases in which the embryo is 
shut off from any kind of placental nutrition. Reptiles and 
Fishes, with the exception mentioned, are as essentially ovipa- 
rous as Birds. Hence, the Ootocoids or non-typical Mammals are 
actually intermediate in this respect, and in otners also, between 
the typical Mammals, on one side, and the inferior oviparous 
Vertebrates collectively, on the other. 

(2.) Again, the class next below Birds is that of Reptilea 
And, correspondingly, the inferior or hemitypio group of Birds 
is Reptilian in some points of structure. 

(3.) Again, the class next below Reptiles is that of Fishes; 
and therefore the inferior or hemitypio group of Reptiles is the 
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termediate or Ichthyoid one of Amphibians — the young of frogs 
id salamanders and other included species having gills like 
ihes, besides some additional fish-like peculiarities. 
The parallelism between the three classes, Mammals, Birds 
id Reptiles, is thus complete. 

(4.) Fishes have no class of Vertebrates below them, so diat 
I injirxor hemitypic division is not to be looked for. It might 
$ suspected that the intermediate group in this case would be 
le between Fishes and the lower subkmgdoms either of Mol- 
sks or of Articulates ; but none such exists. The lowest fish, 
L Amphioxus, is as distinctly a Vertebrate as the highest, and 
> Mollusk or Articulate exhibits any transition towards a ver- 
brate structure. 

There are, however, hemitypic Fishes; but their place is to- 
ards the top of the class instead of at its bottom. Ganoids con- 
itate one group of this kind, between Fishes and Beptiles, as 
Dg since pointed out by Agassiz. Again, Selachians (or 
larks and Rays) constitute another, between Fishes and the 
gher classes of Vertebrates. This last idea also has, we be- 
sve, been suggested by Agassiz (although we cannot refer to 
e place where published), this author regarding the species as 
termediate in character between Fishes and the allantoidian 
ertebrates. Moreover, Miiller long ago observed the relation 
* the Sharks to the Mammals in having a vitelline placenta, by 
hicb the embryo draws nutriment from the parent, as does the 
ammalian fetus by means of its allantoidian placenta. 
Gbinoids and Selachians are, thus, two hemitypic groups in 
e class of Fishes. 
The scheme of grand divisions is then as follows :* 

I. 

A. Typical Mammals, 

B. Hemitypic Mammals. 

or OdTocoiDS. 
n. III. 

A. Typical Birds, A. Typical or true Reptiles, 

B. Hemitypic Birds. B. Hemitypic Reptiles, 

or Erpstoids. or Amphibians, 

IV. 
A. Hemitypic Fishes, B. Hemitypic Fishes, 
or Selachians. or Ganoids. 

C. Typical Fishes, 
or Teliostfi. 

One of the groups of hemitypic Fishes looks directly towards 
eptiles, and me other towards the three higher classes of Ver- 
brates collectively, but especially Mammals and Birds. 

■ It ii here seen that the term Ootocoid, applied to Marsupials and Monotremes, 
s mst rignilicaDce ; and so likewise^ Erpetoid*^ aod Amphibiant, Ootoeoid is 
Dpij the Greek form of the term 9emiovipanm%* 



818 Dana an Parattd Rdations of the Ckmes nf VerUbraUs, 

It is plain from the preceding that the subkingdom of Verte- 
brates, instead of tailing off into the Invertebrates, has well-pro- 
nounced limits below, and is complete within itself. 

2. Distinctive features of tJie Reptilian division of Birds, — ^The 
skeleton of the fossil Bird, discovered at Solenhofen, has some 
decided Beptilian peculiarities, as pointed out by Wagner, Owen, 
and others. But even if perfect, it could not indicate all the 
Beptilian features present in the living animal. It is, there- 
fore, a question of interest, whether the relations of the hemi- 
typic to the typical species in the two classes. Mammals and 
Keptiles — one superior to that of Birds, and the other inferior- 
afford any basis for conclusions with regard to characteristics of 
the hemitypic Birds undiscoverable by direct observation. The 
following considerations, suggested by analogies from the classes 
just mentioned, may be regarded as leading to unsatisftctoiy 
results ; and yet they deserve attention. 

A. Mammals, — (1.) It is a fact to be observed that the hemi- 
typic Mammals are as truly and thoroughly Mammalian^ as re- 
gards the fundamental characteristic of the type — the suckling 
of their young — as the typical species. 

(2.) The departure from the typical Mammals is small in the 
adult individuals, especially the adult males. Bat it is pro- 
foundly marked in their young, they thus approximating in 
period of birth and some other respects to oviparous Vertebrates. 

B. Reptiles. — (1.) The adult Amphibians, or hemitypic Bep- 
tiles, depart but little from the typical Reptiles, either m struc- 
ture or nabits. 

But (2.) the young^ in their successive stages, from the egg 
upward, partake strikingly of characters of the inferior class of 
Fishes. 

The law seems, then, to be that the species of the hemitypic 
group have their principal or most fundamental resemblance to 
those of the class or classes below in the young state. We 
should hence conclude that the young of the Beptilian Birds or 
Erpetoids possessed more decided Beptilian peculiarities than 
the adults. — What these unknown peculiarities, if real, were 
we can infer only doubtingly from the analogies of the known 
cases already considered. 

The characteristic of the intermediate type, on which the in- 
termediate character depends, is, in the case of both Mammals 
and Reptiles, that particular one which is the special distinction 
of the inferior type. The type^ inferior to Mammals are ovipa- 
rousj and hence the hemitypic Mammals are semi-oviparous. 
The type inferior to Reptiles, or that of Fishes, is distinctively 
aquatic and breathes consequently by means of giUs instead ot 
lungs, and hence the hemitypic Reptiles have gilla in the yooog 
Btate. 
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• 

What then are the characteristics of Reptiles that may have 
been presented by the inferior or hemitypic Birds? The more 
prominent distinctions of Beptiles are the following : 

(1.) A covering of scales, or else a naked skin, instead of a 
covering of feathers. 

(2.) A terrestrial creeping mode of life instead of an aerial 
or flying mode. 

(3.^ Incomplete circulation, and hence, to some degree, cold- 
blooaed, instead of complete, and warm-blooded. 

Now, as to the young of the Beptilian Birds, it may be in- 
ferred that — 

(1.) They were unquestionably unfledged. For this is uni- 
versal amon^ birds, for a while after leaving the egg. It is 
quite probable that they were more completely unfledged, or for 
a longer time, than is common for the young of ordinary birds; 
for even the adult bird,* judging from the Solenhofen specimen, 
was less completely feathered than usual. 

(2.) They were unquestionably walking chicks. For Birds in 
the lower division of the class {Praxoces of Bonaparte) have the 
use of their legs immediately afler leaving the egg, and seek 
their own food. A brood of Beptilian bird-chicks, with lon^ 
tails and nearly naked bodies, creeping over the ground, would 
have looked- exceedingly like voung Keptiles — very much, in- 
deed, as if the eggs of a Beptife had been hatched bv mistake. 
Moreover, these Reptilian Birds were probably not only walking 
birds when young, but as much so as hens and turkeys are, if 
not more exclusively so, even when adults ; for, in the inferior 
division of ordinary birds, the species are far inferior as flying 
animals to those of the superior division, and in some, as is well 
known, the wings only aia in running. 

(8.) But the characteristics which have been mentioned under 
(1) and (2) are not of fundamental value, like that of the exist- 
ence of gills in the young of hemitypic Reptiles, or that of the 
semi-oviparous method of reproduction in Ootocoid Mammals; 
and it would seem that there must have been some more pro- 
found Reptilian characteristic. It is therefore probable that 
the third distinction of Reptiles stated belonged also to the 
young Reptilian Bird ; that is, it had incomplete circulation, 
and, hence, an approximation to the cold-blooded condition of 
Reptiles. The heart may have had its^bur cavities complete, as 
in ^irds, and in Crocoailes among Reptiles ; but, in addition, 
there may have been a passage permitting a partial admixture 
of the venous and arterial blood, such as exists not only in 
Crocodiles but also in the young Bird during an early stage in 
its development. This peculiarity in the vascular system of the 
young Bird of the present day ceases with the beginning of 
respiration. But in the Reptilian birds it may have continued 
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on through the early part, at least, of the life of the chick, or 
until it was fledged. 

This conclusion is made to appear still more reasonable bj 
the following comparison of the three obvious methods of sqd* 
dividing Vertebrates, and the connection therewith of the ch»- 
acteristics of the hemitypic groups. These three methods are— 

1. Into viviparous and oviparous ; which places the dividing 
line between Mammals, and the inferior Vertebrates. 

2. Into uHirm-blooded and cold-bhodedy or those having perfed^ 
and those having imperfect, circulation ; which places tne line 
between Mammals and Birds, on one side, ana Beptiles and 
Fishes, on the other. 

S. Into pulmonale and branchial^ or those with lungs, and 
those with gills ; which places the line between Mammals^ Birds 
and Reptiles, on one side, and Fishes, on the other. 

Now the characteristic of the first of « these methods of sub- 
division is that on which the hemitypic group of the first class, 
or that of Mammals, is based. The characteristic of the Aird 
is that on which the hemitypic group of the third class, or the 
Beptilian, is based. Hence, the characteristic of the seamd 
should be, if the analogy holds, that on which the hemitypic 
eroup of the second class, or that of Birds, rests for its moet 
fundamental distinction. 

8. Geological history. — It has been observed, on page 818, that 
the Vertebrate subkingdom has well-drawn limits oelow, instead 
of tapering downward into Mollusks or Articulates. This fea- 
ture of the subkingdom is further evident from the fact in geo- 
logical history that the earliest species of Fishes were not of 
the lower group, that of Teliosts, but of the two higher, or those 
of Ganoids and Selachians. The Vertebrate type did not origi- 
nate therefore in the subkingdom of Mollusks, or of Articulates; 
neither did it start from what might be considered as its base, 
that is, the lower limit of the class of Fishes; but in intermedi- 
ate types, occupying a point between typical Fishes and the 
classes above. 

Moreover, the inferior group did not come into existence until 
the Cretaceous period, in the latter part of geological history, 
when the Beptilian age was commencing its decline. 

In the Devonian age, or closing Silurian, appeared the first 
Ganoids and Selachians. In the Carboniferous, Beptiles were 
introduced, — first the inferior Amphibians, and then typical 
species. Afterward, in the early part of the Beptilian age, as 
Keptilian life was in course of expansion, there were the first of 
the Beptilian Birds and the first of the Marsupials or hemitypic 
Mammals (with probably some typical species of each of these 
classes). Thus tne Vertebrate type, conmiencing at the point 
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approximation of Reptiles and Fishes, expanded until each 
its higher classes had representative species, before the inferior 
vision of true or typical fishes — Teliosts — came into existence, 
fterwards, in the Genozoic, the true or typical Birds and Mam- 
als had their full expansion. 

The Vertebrate type, therefore, not only was not evolved 
[>ng lines leading up from the lower subkingdoms, but was 
»t, as regards its own species, brought out in lineal order from 
e lowest upward. The subkingdom has, therefore, most evi- 
^ntly a separateness and a roundness below, so to speak, or an 
itireness in its inferior limitS; which belongs only to an inde* 
indent system. 

We find in the &cts no support for the Darwinian hypothesis 
ith regard to the origin of the system of life. 



RT. XXIX. — ITie Claasification of Animals hosed on iJu principle 
of Oephalization ; by James D. Dana. — Number!. 

As the principle of oephalization is involved in the very 
undation of the diverse forms that make up the animal king- 
>m, we may look to it for authoritative guidance with reference 
the system that prevails among those forms. Some of its 
^ngs on zoological classification have already been pointed 
Lt.' I propose to take up the subject more comprehensively; 
id, in the present article, to bring the light of the principle to 
ar on the relations of the subkmgdoms, classes, orders, and 
me of the tribes of animal life. 

It is essential, first, that the methods or laws of oephalization 
I systematically set forth, that they may be conveniently stud- 
1 and compared. The following statement of them is an ex- 
Qsion of what has already been presented. 
As an animal is a cephalized organism, (or one terminating an- 
riorly in a head,) the anterior and posterior extremities have 
►posite relations. The subdivision of the structure into anterior 
id posterior portions has therefore a special importance in this 
nnection. As these terms are used beyond, the anterior por- 
)n properly includes the head, which is the seat of the senses 
id mouth, with whatever organs are tributary to its purposes, 
iterior in position to the normal locomotive organs ; the posts- 
yr portion is the rest of the structure. The anterior is emi- 
jntly the cephalic portion. The digestive viscera from the 
>mach backward, and the reproductive viscera, belong as char- 
teristically to the posterior portion. 

Ezpl. Exp. Report on Crustacea, p. 1412, 1866 ; this Journal, [2], zzii, 14, 
St\ zxxv, 67, zxxyi, 1, 1863. 



983 Dana on the Classification of Animals 

It follows, further, from the cephalized nature of an animal, 
that its primary centre offeree^ or the point from which oonoentnr 
tion and the reverse are to be measured, anteriorly and poate- 
riorlj, is in the head, near the anterior extremity of the stmo* 
ture. In an Insect or Crustacean, its position is between the 
mouth and the organs of the senses — over which part the oe- 
phalic mass is located. This is sustained bv embryofifeny ; tad 
also by the fact, that, as the two most fundamental characteris- 
tics of an animal are its being sense-bearing and mouth-fading; 
the mouth, on descending to the simplest of animals, is the last 
part to become obsolescent Only in the inferior Invertebratea 
IS the position of the mouth approximately central in the stroo- 
ture, as explained on page 828. 

1. Methods of Cephalization. 

The methods, according to which the grades of cephalizalioii 
SXQ exhibited, may be arranged under the following neads: 

A. Size(Jbrce-7neasured)ofli/e'System: each tvpe, between Man 
at one extreme and Protozoans at the other, having its special 
range of variation in this respect. 

B. Functional: or variations as to the distribution of the 
functions anteriorly and posteriorly, and as to their condition. 

C. Incremental: or variations as to vegetative increment, that 
is, as to amplitude, and multiplicative development. 

D. Structural: or variations in the conditions of the structure^ 
— whether (1) compacted, or, on the other hand, resolved into 
normal elements; (2) simple, or complex by specialissation; (8) 
defective, or perfect ; (4) animal-like, or plant-like. 

E. Postural: or variations as to posture. (Only in Vertebratea.) 

F. Eiribryological : or variations connected with the develop- 
ment of the young. 

G. Oeographical distribution. 

For greater convenience and uniformity, the methods under 
these heads are mentioned beyond as they appear when viewed 
along the descending line of grade, instead of the ascending. 
This is, in fact, the more natural way, since the typical form in 
a group — the fixed point for reference — holds a position towards 
the top of the group. The methods, as given, are therefore 
more strictly methods of decephalization than of cephalization; 
but the former are simply the reverse of the latter. 

A. Size (or force) of life-system. 

1. Potential. — ^Exhibited in less and less force and size of lift- 
system with decline of grade (and the reverse, with rise of 

* There may also be one or more secondary centres of force ; but they aie. at 
regards the subject before us, of compartively small importance. The indepAodcol 
development of the abdomen and cephalothorax in Crustaceans is a case of ^ 
IcJnd, as explained elsewhere by the writer. See paper on the ClaMificatioo of 
Crustaceaoa referred to. 
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ide) ; as that in passiDg fix>m the type of Megasthenes (Quad- 
nanea, Camivorea, Herbivores and Mutilates) to that of Mi- 
Milhenes (Chiropters, Insectivores, Bodents, and Edentates) ; 
fix>m that of Decapods to that of Tetradecapods among Crus- 
eana — ^in which latter case, unlike the former, there is also 
rofereni decephalization ; and so, generally, in passing fix>m a 
;her to a lower type, it being equivalent to passing to a type 
smaller and weaker life-system. See further, tms volumei 
. 8 and S88. 

Functional. 

\. BetroferenL — A transfer of functions backward that belong 
ieriorly in the higher cognate type. 
Jnder this method, there are tne following cases : 
u A transfer of members from the cephalic to the locomotive 
ies ; as the transfer of the fore-limbs to the locomotive series 
passing from Man to brute Mammals ; that of a pair of max- 
peds or posterior mouth«organs to the locomotive series in 
ising from Insects to Spiders ; that of two pairs of maxillipeds 
he locomotive series in passing from Decapod to Tetradecapod 
utaceans. 

•• A transfer of locomotive or prehensile power and function, 
re or less completely, from the anterior locomotive organs to 
posterior. 

. A transfer of the locomotive function, more or less com- 
tely, from the limbs (these often becoming obsolete) to the 
Iv, and mainly to the caudal extremity. 
Jnder h and c, the condition may be described as — 

a) Prasthentc, (from the Greek n^, before^ and adarog^ strong,) 
he anterior locomotive organs have their normal superiority. 

b) Mekttthenic (from fista after, etc), if a posterior psor is the 
re important and the anterior are weak or obsolete. 

c) Urosthenic (from ov(^ tail, etc.), if the posterior part of the 
ty, or the caudal extremity, is the main organ of locomotion. 
]Minary flying Birds are prosihenicj while the Prascoces (Galli- 
eous Birds, Ostriches, &c.), being poor at flying, or incapable 
it, are metasthenic, and they thus exhibit their inferiority of 
de. Hymenopters, Dipters, Lepidopters, &c., among Insects, 
proathmic, while Coleopters, Orthopters, Strepsipters, etc., in 
ich the fore-wings (the elytra) do not aid in flight, or but 
e, are meiaelhenic. Fleas, which are degradational species, 
kted to Dipters, have the third or posterioi- pair of legs much 

longest and strongest. Among Macrural Crustaceans, the 
mgest legs are, in the higher species, the first pair ; in others 
(rior, the second; in others still inferior (the Penasids) the 
ipair. 

c JouB. Sci.— Skoovd Ssbus, Vol. XXXVI, No. lOa— Nov., 1868. 
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(See farther, for examples, this Journal, [2], xxii, 14, and 
xxxvi, l.J I 

Viewed on the ascending grade, this method is the prt/ennL 

S. Pervertive. — A subjection of an organ to any abnormtl 
function inferior to that normal to it ; — as in the adaptation of 
the nose of the Elephant to prehension ; of the antennse of maoT 
inferior Crustaceans to prehension or locomotion ; of the mazil- 
lipeds of inferior Macrurans to locomotion ; of the forehead in 
many Herbivores to purposes of defense. 

The perverted nose of the Proboscideans is one of the indica- 
tions of their inferiority to the Carnivores ; but it is not neoea- 
sarily a mark of inferiority among Herbivores themselves, as 
the &culty of prehension is one of those especially characterixiog 
Carnivores and other higher Mammals, and nearly all Herbi- 
vores fail of it. 

Viewed on the ascending grade, this method and the following 
may be included under the term, perjutictianative. 

4. Defunctionative. — Exhibited in the defectiveness or ajbsenod 
of the normal function of an organ; — as in the absence of the 
function of prehension from the fore-limbs of Herbivores (thia 
prehension in the fore-limbs belonging to the Mammalian type); 
and that of locomotion mostly from dl the limbs in the muti- 
lates ; that of locomotion from the female Bop^rus ; that of 
locomotion from Cirripeds and other attached animals; that of 
the sense connected with the second pair of antenne (and proba- 
bly also t\iQfirst^ these organs being obsolete^ in the Lemaeas and 
Cirripeds, these antenuaB being simply prenensile organs in a 
Lern^a, and constituting the base of tne peduncle in an AnatifieL* 

This degradation and loss of functions is connected oilen with 
the elliptic and amplijicative methods of decephalization (see 
beyond). It is connected with the latter in the Bopyrus, and 
also in Cirripeds and other attached species. 

C. Incremental. 

5. Amplificaiive, — Exhibited in an elongation or general en- 
largement of the segments or members, and an increased laxneas 
of the parts. Includes the cases — 

a. Lengthening, widening, or laxness in the anterior portion 
of the body ; the same in the posterior portion. 

h. An abnormal enlargement of the general structure. 

The elongation or enlargement which takes place with decline 
of grade is mainly posterior^ it being small anteriorly, and some- 
times none at all. In passing; from the Brachyural to the 
Macrural type of Crustaceans, the change anteriorly is prind- 

* 

* See Expl. Exp. Report on Crustacea^ p. I]t93, and plate 96, where it it diovB 
that the aatenoffi of the young Anatifa kaTC a 8ucker-Iike otfi^Kn for attacliiiMfit.iB^ 
become, in the metamorphosis, the bottom of the peduncle bj whtdi the mIbII 
Anatifa is attached. 
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pally in an increased laxness and lengthening of the parts, with 
little increase in the dimensions of the body anterior to the 
mouth ; while the abdomen (or posterior extremity) is enlarged 
10 to 50 times beyond the bulk it has in the Crab. Descending 
from a snail to an oyster, there is diminution anteriorly and 
great enlargement posteriorly, and the animal is little more than 
a visceral sac. 

In less marked cases of the amplificattve method, there is only 
an attenuation or lengthening of the body and limbs, as in many 
N'europters, Orthopters, Homopters, wading Birds, etc. The 
Lepidopters, also, in their very great expanse of wing, exemplify 
this method. In species that are attached, as the Cirripeds, the 
yoang are usually tree ; and it is only when they begin to out- 
grow, amplificately, the minute life-system (Entomostracan in 
ihe Cirripeds) that they become fixed. As attached animalSi 
they often attain great size. 

viewed on the ascending grade, this method is the concentra* 
Hve ; and it is exhibited in the increased abbreviation and conden- 
sation of the anterior and posterior members and segments, or of 
bhe whole structure. — For examples, see further volume xxii 
uid the present^ as already referred to. 

6. JduUipliccUive. — Exhibited in an abnoripal multiplication of 
segments or members; as in Myriapods, Worms, rhyllopods, 
Trilobites, etc There may be — 

a. Simple muUiplicaiive ; as in the superior Myriapods, the 
Chilopods, in which the body-segments, thus multiplied, have 
each its single or normal pair of members. 

5. Compound muUiplicaiive ; as in the Myriapods of the lulus 
division, or Diplopoas (Chilognaths), in which there is a duplica- 
tion of the pair oi legs of a body segment. The name Diplopodj 
adopted by Gervais and some other authors, has the advantage 
of oaving thus a dynamiical value. 

The multiplicative method is, in general, a degradational one. 
When it affects only subordinate parts of the structure, as the 
length of the tail of Mammals, or of Beptiles, etc., the forms are 
not necessarily degradational. But when it affects the general 
structure, and the types are indefinite in segments, like the 
Myriapods, Worms, and Snakes (see page 4 of this volume), the 
forms are degradational. In Mammals, the tail may be said to 
have indefiniteness of limit; but, since this part is only an 
appendage to the body and has little functional importance, its 
elongation cannot properljr be regarded as a mark of degrada- 
tion, although one of inferiority. When, however, the posterior 
extremity is, in magnitude and importance, a part of the main 
body structure itseli, as in Snakes and Fishes, the case is prop- 
erly an example of multiplicative degradation. 

The abnormal number of segments under the multiplicative 
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method may arise from a self-subdivision of enlarging normal 
segments, or from additions beyond the ran^ of the normal 
number. The many joints of the antenn» in Crustaceans of die 
Cyclops group, the writer has shown to result through the former 
method, and the multiple segments of Phyllopods may be of the 
same origin : but there are no facts yet ascertained that would 
refer the multiplication of segments in Myriapods and Worms to 
this method. 

Viewed on the ascendiug grade, this method is the Kmiiative. 

D. Structural. 

7. Analytic. — Exhibited in a resolving of the body-structure^ 
or of an organ, more or less completely, into its equal normal 
elements, or in a tendency to such a resolution. 

A relaxed state of the cephalic power leads to a relaxed and 
elementally-constituted structure. When this method charac- 
terizes strongly the general structure, the form is usually degn* 
dational; as m Myriapods, Worms, larves of Insects, — ^these 
structures consisting of a series of nearly similar rings, (the 
normal elements of an Articulate,) without a subdivision into 
head, thorax and abdomen. Fishes, of the Vertebrate type, are^ 
as nearly as may be, in this elementalized condition. An sf- 
proximation towards analysis or resolution of the body appean 
in the absence of the constriction between the head and thorax 
in Spiders and Crustaceans ; and still further, in the absence of 
the constriction between the thorax and abdomen in the loweat 
of Spiders, the Acaroids. 

Under this method, there is, in no case, among adults or larves; 
a complete analysis or resolution of the head into normal acg- 
ments; the closest approximation to it, in Insecteans and Crus- 
taceans, occurs in the Gastrurans (Squilla group) as explained 
in a note to page 6 of this volume. But here the mandibu- 
lar and one, two, or more maxillary segments are still united. 
In an Insect, the head, as stated on page 234 of this volume, 
contains six normal segments, and the thorax three; and yet the 
thorax has 3 to 5 times the bulk of the head ; — showing a con- 
densation in the head-part equal to 6 to 10 times that of the 
thorax. Concentration in an animal structure is therefore emi- 
nently cephalic concentration, or, in a word, cephalization^ — ^the 
head being the part most condensed, and least liable to occur 
resolved into its elements. 

The analytic method, viewed on the ascending grade, is the 
synthetic. 

8. Simplijicative, — Exhibited in increased simplicity of stmc- 
ture, and in an equality of parts that are normally identical 
The cases are — 

a. Simplicity from diminished number of internal or external 
organs for carrying on the processes of life ; as in the absence of 
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difltinot reiq)irmtory organs, or of different parts in the diffestive 
•yateiDy eto. ; or the anion of the sexes in one individual, etc. ; 
*— a simplification which reaches its extreme limit among Badi- 
alea in the Hydra, and among animals, in the Protozoans. 

b. Simplicity from equality in parts normally alike; as, equal* 
ity in the height of the teeth of some of the earliest of Tertiary 
Mammals ; in the annuli of Worms. This case is related to the 
analytic. 

Viewed on the ascending grade, this method is the differentia^ 
tive^ the fSacts exhibiting which are embraced under the well 
known law of differentiation or specialization, which is funda- 
mental in all development. * 

Differentiation internally, as it multiplies and perfects the 
means of elaborating the structure, is attended with an increas- 
ingly higher grade of chemical change, more perfect nutrition, 
and more complete decarbonization of the blood ; and implies, 
therefore, improvement in all tissues, a more sensitive nervous 
system, and greater cephalicpower and activity. And from the 
reverse comes the reverse efiect 

9. ElUptic, — ^Exhibited in the defectiveness, or absence, of 
segments or members normally pertaining to the type of the 
order or class containing the species. The cases are — 

a. Incomplete, or deficient, segments or members, in either the 
anterior^ or the posterior portion of the body ; as with certain 
teeth in the Herbivores, toes in the foot of the horse, one or two 
pairs of antenn® in some inferior Crustaceans. 

b. Defective, or deficient, senses. 

When the deficient parts are only those that are normally 
deficient in the type of the order or class^ the examples may 
oome under the simplificative above. It differs from the defunc" 
Uonative in implying a deficiencyy not of function only, but of 
organ or memoer. The foot of the horse is elliptic, whether 
viewed with reference to the Animal-type, or the Megasthenic- 
type. The Fish is elliptic as regards limbs, if considered with 
reference to the Vertebrate-type, but not so with reference to the 
Fish-type, unless the fins corresponding to the Vertebrate limbs 
are wanting. 

Viewed on the ascending ^de, this method is the completive, 

10. Phytozoic, — Exhibited in a departure from the Animal-type 
through a participation in structural features of the Plant-type, 
that is, through a plant-like arrangement of the organs. — The 
cases are — 

a. A radiate arrangement of external organs ; as in the Bryo- 
zoans and inferior Tunicates. 

b. A radiate arrangement of internal as well as external organs; 
as in Sadiates. 

c. Perfect, or nearly perfect, symmetry in the radiation, instead 



328 Dana on the Clawiificaiion of Animals 

of eccentric or irregular forms. Perfect symmetry is most gen- 
eral where the number of rays is based on the numbers 4 or 6 
(which, it is to be noted, are multiples of 2 and 8), 4 being 
the number for the class of Medusae, and both 4 and 6 occurring 
in that of Polyps. But if the number of rays is 5, as in the 
highest of Radiates, the Echinoderms, while examples of perfect 
symmetry occur, there are many cases of unsymmetrical forms 
(as in the Spatangi) in which the Radiate type seems to tend to 
emerge from phytoid towards true animal-like forma In the 
regularly radiate, the mouth is central or very nearly so, while 
in the Spatangi, there is something of the fore-and-aft form of the 
animal. ' 

Among species under the true animal-tgrpe, there are forms 
showing an approximation to the central position which the 
mouth nas in jRadiates. In a Limulus, for example, the mouth- 
aperture is only one-half less remote from the anterior margin of 
tne body than from the posterior (base of caudal spine). The 
Limuli are extreme in ampJificative decephalization and in low- 
ness of grade. Under the multiplicative method also, there is 
something similar in Worms and Myriapods. The head is here 
strictly at the anterior extremity ; but tne cephalic force has so 
feeble control, that joints multiply behind; and in the lowest of 
Worms, each separate segment is nearly equal in all functions to 
the cephalic segment. Moreover, in the embryological develop- 
ment of an Annelid, the first segment (with its pair of append- 
ages) that is formed after the appearance of the head is not the 
anterior one close to the head, but the eighth (or one near this); 
and from this point the rings form in succession posteriorly, and 
also towards it from the head ; as if, in these multiplicate species, 
there was a secondary centre of force distant from the front which 
preponderates over the primary one. 

This method viewed on the ascending grade is the kolozoicj 
(from 6Xog all, and C^o*' animal) ; it is exhibited in a rise from 
the plant-like type to the true animal-like type. 

E. Postural. 

11. Postural. — Exhibited in an increasing proneness in the 
position of the nervous system — the extremes being verticaliiy in 
Man, and horizontality in the Fish. 

P. Embryological. 

^^^ • 

12. Prematurative. — Exhibited in precocity of young or larves. 
Thus, the chicken, as soon as born, runs about and seeks its 

own food, while the young of those Birds which belong to the 
superior group, — the true flying Birds — remain helpless until 
able to fly; a fact recognized in Bonaparte's classification of 
Birds. So the young colt or calf (Herbivorous) is on its legs 
almost as soon as born ; but the young kitten (Carnivorous, and 
higher in type) is for a considerable time helpless. 
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irity has often been recognized as evidence of low deyel- 
nd low rank ; and the following is the explanation of it. 
an animal has reached the condition required for loco- 
ad for the care of itself, it has already the essential 
)f an adult ; and although these faculties of locomotion 
feeding are of comparatively low grade, the animal 
; them is approximately mature in its cephalic forces, 
yards rises but little with growth. Prematurity hence 
inferiority. The pupa-state of an Insect is a meansTof 
3velopmeQt the more perfect its inactivity. For this 
rest allows all the forces of the individual to be con- 
on the internal processes, and favors, therefore, that 
growth which makes a special demand on these forces; 
:in active pupa (or rather. the larve that passes through 
itate), activity, whether that of locomotion, or of diges- 
stantly exhausts force ; and only the balance, not tous 
with, goes towards the maturing process. With such 
mtlet of force, the animal may mature physically, that 
ind perfect its outer structure ; but cepnalically, or, in 
points of structure, as well as psychical powers, that 
ected with superior cephalic development, it makes 
ance. 
(a) those insects whose larves are essentially like the 
d undergo no metamorphosis are inferior in type, — ^as 
so recognized. 

, (6) those Insects (as most Hymenopterous) whose larves 
;ss grubs are superior in type to tnose (as the Lepidop- 
'hose larves are most highly developed and active. 
d on the ascending grade, this method is the perma- 

immative, — Exhibited in multiplication by buds. Bud- 

j produce — 

feet individuals, capable of egg-production. 

ividuals capable only of budding, and giving origin to 

b egg-producing individual as the last of a series of 

3. 

UC0U9, or persistent buds; the latter leading to com- 
►rms, either branching, lamellar, or massive. 
)0wer of reproduction by buds occurs in many Worms, 
>erior and inferior; in Bryozoan and many Ascidian 
3 ; in Polyps and many other Radiates. The production 
tent buds is the lowest grade, and is common in the bud- 
Husks and Radiates, but not the Articulates. Among 
Articulates, case b appears to be of lower grade than 

nethod is allied to the multiplicative^ p. 325. It is also 
(p. 327), or a plant-like feature in animal life. 
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14. Genetic, — Number of young or eggs. — As is well known, 
there is a mark of grade in the number of eggs or young pro- 
duced at a single period or in a given time — the number, other 
things equal, ^ing inversely as toe rank or grade of the species. 

15. Thermotic, — Temperature required for ernbryonic devdof- 
menL — Another mark of grade is afforded by the temperature 
required for egg-development : — ^for, in general, the higher the 
temperature, the higher the grade. Thils, the eggs of Birds re- 
Qiiire heat above ordinary summer heat, while those of Beptilee 
ao not. The embryos of Mammals require still higher and m<»e 
uniformly continued heat until their maturity, the Ootocoids 
alone excepted, in which birth is premature. The eggs of some 
Hymenopterous Insects mature inside of the larves of other Id* 
sects, where they are never exposed to a temperature of 82^ F.; 
while those of ordinary Lepidopters and many other species ma- 
ture in the summer heat, and may stand a temperature below O^F. 

The necessity of a higher temperature indicates, ordinarily, 
that the chemical processes in the vital economy are of a higher 
or more delicate character, or those required for a higher grade 
of cephalization. 

G. Geogbaphical Distribution. 

16. Habitational. — (1.) Terrestrial species higher than aguatic-^ 
This law, announced by Agassiz, is also directly dependent on 
the conditions determining the grade of cephalization. 

a. In the case of aquatic species, the ova, as well as the adalt 
animals, are bathed in a liquid that penetrates to the interior, 
and dilutes, to some degree, the nutnent or developing fluids; 
and, under such circumstances, the grade of chenucal or vital 
evolution cannot be as high as in the atmosphere. The germ 
must therefore be one of an inferior kind. Aquatic animals are, 
in an important sense, diluted animals. 

b. Again, terrestrial species whose ova are hatched Jn water, 
or whose young are aquatic, are for the same reason inferior, as 
a general rule, to those whose ova are hatched on the land. 

Aquatic development or life is one of the most important 
marks of low grade. Among embryological characteristics, it has 
often a profounder value than prematurity. The inferior divisum 
of a cluss^ order^ tribe^ and even subordinate group^ is often one 
consisting either of aquatic species, or those that are semiaqucUk 
(aquatic in habit though not strictly so in mode of life, or aquatic 
in the young state when not in the adult). 

(2.) Living (a) in impure waters^ or those abnormal in eondidon; 
or (b) in deficient lights as in shaded places, or the ocearCs depths, a 
mark of inferiority. — Muddy waters, or salt waters excesdvelj 
saline as in some inland lakes, or waters only brackishi are hers 
included. 
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oeanic luaters, although saline, are not properly impure, 
lubkingdoms and the classes oontaining aquatic animaLiy 
ist groups are those of marine waters. Thus, the highest 
isks, the Cepkalopods, are marine ; the highest of Kadi- 

Echinoderms ; the highest of Fishes, the Selachians ; of 
lans, or the Maioid or Triangular Crabs; of WormSi 
sibranchs; of Acalephs, all but the Hjdroids are ma- 
hile all species of Echinoderms and Polyps are marine. 

the subordinate groups there are some fitted particu- 
' fresh water. Types that belong to fresh water some- 
ave inferior species in brackish or salt water; and those 
ong to salt water sometimes have inferior species ia 
I or fresh water. 

Ipecies of cold climates inferior to those of warm. — Accord- 
le 16th canon, the highest oviparous animals should be 
species ; but not necessarily so the viviparous Mammals, 
itn them, the requisite temperature for embryonic devel- 
is obtained within the parent. 

Kception to this, as regards oviparous species, is afforded 
taceans ; for, as shown by the writer, the highest kinds, 
Did or Triangular Crabs, have their fullest development 
ooler temperate zone. 

laving a wide range with regard to any of the eartJCs physi" 
Wtions, as (a) climate, (b) height, (c) oceanic temperature^ 
nic depthj (e) hygrometric conditions, etc, commonly a 

inferiority. — For, if the development of a high order of 
;ed life requires rest for a while in the young, as, for 
3, the nursing time in the higher Mammals and Birds 

Pupa-state in Insects, and also an absence from diluting 
TC waters and the presence of the full light of the sun, it 
ilso equally demand precise or narrowly restricted limits 
)hysical conditions, these being essential to the more 
3r delicate chemical or vital processes. Man is the chief 
>n to this law, — and for the reason that he is not simply 
>f nature, but also above nature, and has the will and 
to bring her forces under subjection, overcoming the 
f climate and subjugating other inimical agencies by his 
rotophytes and Man are the only species that have the 
f the world — the one because so low, the other, so high, 
g accompanies Man in his wide wanderings: but only 
1 the virtue which is in Man, who provides the artificial 
otection and fixxl his brute attendant needs. Even the 
race dwindles in extremes of climate, either hot or cold. 

ntulation. — The following are the names of the several 
9 of cephalization pointed out, both those based on the 
ling and ascending lines of grade. 
[JR. Sol— Second Sbbms, Vol. XXXVI, No, lOS.— Kov.^lQlS^ 
43 



u 



332 Dana on the Classification of Animah 

Detetnding. Ascending. 

A. Size of Life-system, - 1. Potential. 1. Potential. 

B. Functional, - - - - 2. Retroferent. 2. Preferent. 

** - - - - 3. Pervertive, ^•l-n c ^« *• 

a A T\ r ^' f A l Perfunctionativa 

" - - - - 4. Defunctionative. 4.) 

C. Incremental, - - - 5. Amplificative. 5. Concentrative. 

" - - - - 6. Multiplicative. 6. Limitative. 

D. Structural, - - - - 7. Analytic. 7. Synthetic. 

- - - - 8. Siraplificative. 8. Differentiative. 

- - - - 9. Elliptic 9. Completive. 
*' - - - - 10. Phytozoic. 10. Holozoic 

E. Pastural, 11. Postural. 11. Postural. 

F. Embryological, - - - 12. Prematurative. 12. Permaturative. 

The remaining terms fall into both columns. 
With ascending grade, the changes are mostly concentraHve; 
with descending, they are diffusive or decentrative. 

2. Additional Observations, 

1. Typical, Degradational and Hemitypic forms, — Typical spe- 
cies are those within type-limits, and degradational those outside 
of the same.* But, as groups of all grades have each their own 
type and type-limits, species may be typical in one relation, and 
degradational in another ; as Fishes, for example, while de^^- 
tional Vertebrates, have still their own type and type-limits, the 
Teliosts being the typical Fishes, or those within these limits. 

The characteristics of a type, in any case, are those funda- 
mentally distinctive of the group. As to that of the animal king- 
dom at large, — we observe that an animal is (1) a fore-and-aft, 
(2) cephalized, (3) forward-moving organism. The type-idea is 
hence expressed in a structure having (1) fore-and-aft and dorso- 
ventral polarity; (2) a head at the forward extremity containing 
the seats or organs of the senses, as well as the mouth and month 
organs ; and (3) the power of locomotion, if not also limbs for 
the purpose. Consequently Radiates, as they fail in the first 
criterion, are not within type-limits ; neither are any attached 
species of animal, and only in a partial degree species withoat 
limbs for locomotion. 

Again, the Vertebrate-type, in addition to having the charac- 
teristics of the animal type and the vertebrate structure, is essen- 
tially terrestrial, and, therefore, the requisite limbs and structure 
for terrestrial life are in the type-idea. Fishes are therefore 
outside of type-limits, or are degradational species. 

The Mammal-type, the highest under Vertebrates, in addition 
to the characteristics of the Vertebrate type, has that of being 
viviparous in its births, embracing under this quality, that of 
sustaining the embryo by placental nutrition until its maturity 

* The terra degradatiotial has no reference to any method of origiD by degTa<ii- 
tion : it implies only that the forms so called represent or correspond to a degraded 
coDdiiion of the type. 
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)t true of the oviparous) ; and with this there is also that 
lining the young for a while after birth, by suckling, 
the Ootocoids, in which there is only imperfect placental 
n and birth is premature, and there is an approximation 
oviparous species, constitute a degradational type. 
Ifegasthene-type, under Mammals, has its degradational 
1 the Cetaceans or Mutilates, which fail mostly of limbs 
t aquatic species; and the Carnivore its degradational 
a the Seal and related Pinnipeds. The latter have the 
ucture of the Carnivores ; while the Mutilates have the 
ucture of neither Carnivores nor Herbivores, and are 
e an independent type under the division of Megas- 

a, the Bird-type, in addition to the characteristics of the 
ate-type, embraces features adapting the animal to flying, 
ers and wings ; perfect circulation ; and also a vertebral 
which is posteriorly limitate, instead of one admitting 
udal elongation, — somewhat as Insects and Spiders are 
7pes behind, in contrast with the muUiplicate Myriapods. 
the Reptilian Birds, having indefinUe posterior elonga- 
id some other Reptilian characteristics, are outside of 
lits. So, again, under the subdivisions of Birds, species 
ve the wings unfledged or but half-fledged, and which, 
e, cannot lead an aerial life, are degradational ; and spe- 
.t have the feet imperfectly digitate by their being web- 
and which therefore lead a semiaquatic life, are semi- 
Ltional in the group to which they may belong. 
3 examples are sufficient to illustrate the uses of the words 
and degradational. 

3f the highest importance, for the correct classification of 
that in all cases it should be rightly determined whether 
dational genus is degradational to the family to which it 
, or to the tribe, or ordeVj or to a stijl higher division. 
^h Seals and Whales are similarly adaptea to the water, 
in, to one familiar with the species, that the former are 
.tional Carnivores, and the latter degradational Megas- 
as stated above. But like cases come up in every part 
animal kingdom, and close study is necessary for a true 
I. The first preliminary towards such a decision is a clear 
the class-type, order-type, tribe-type or subordinate type 
^hich the genus or group falls. 

term hemitijpic has been shown in the preceding paper to 
in general, a grade of the degradational. But, in some 
as in the class of Fishes among Vertebrates, it is appli- 
> cases which are not typical because of their being inter- 
: between the type of the group and a superior tvpe or 
). 317). 
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Typical groups, or, more properly, the groups above the de- 
graaatioual, may be of several grades. Thus, under Yertebratea, 
the classes of Mammals, Birds and Reptiles, represent different 
grades of Vertebrate types, and the grades may be designated, 
in order, AlphatypiCj Betalyptc^ OammcUypic (from the first three 
Greek letters a, ^, y). Under Mammals, also, there are three 

S grades, those of Man, Megasthenes, and Microsthenes ; then, he 
ow these, the hemitypic or degradational Ootocoida Under 
tribes, families and genera, the number of grades may be laWi 

Degradational subdivisions are strictly hypotypicy or bdow toe 
typical range. 

Tjrpical subdivisions, or those aboye the degradational, an 
not, in all cases, true typical, as well exemplified by the orders 
of Fishes ; the Teliosts alone being true typical, and the Ganoids 
and Selachians, called hemitypic above, being properly hypertymc^ 
or above the typical range. Another example of this is afforaed 
by the subdivisions of Megasthenes. Carnivores and Herbivores 
are different grades of the true typical, the former the more pe^ 
feet, or eutypic; while the Quadrumanes or Monkeys are hyper^ 
typicy being an intermediate type between the typical Megasthenes 
and Man; and the Mutilates (Cetaceans, etc.) are hypotypic 
Among the Microsthenes, the Chiropters or Bats are hypertypic, 
the Insectivores and Bodents tnu typical of two grades, and the 
Edentates hypotypic. 

Among the subdivisions of Mammals there are tfiree grades of 
true typical ; and, of them, Man is archetypic, as he. has been 
styled, Deing the one perfect type. 

Degradational forms may be classed under three heads, as 
follows : 

1. Degenerative; in which the forms are thoroughly animal in 
type. The methods of decephalization which lead most com- 
monly to degenerative forms are the analytic, multiplicative, 
elliptic and defunctionative. 

2. Uemiphytoid; when, without an internal radiate structore, 
the species are (a) attached to a support, like plants (see defuno 
tionaiive method, p. 324) ; 6, budding {gemmative, p. 329); c, radi- 
ate externally {phylozoicj case a, p. 327). 

The externally radiate structure is a lower grade of hemiphy- 
toid degradation than either being attached, or gemmate. 

3. Phytoid (from (pvioy^ a plant) ; when the structural arrange- 
ments are internally, as well as externally, radiate (Phytozoic, 
case b). 

As Radiates have no limbs and but imperfect senses, the higher 
eradea among them are manifested most prominently in the con- 
ditions of the nutritive system. Some of them (the Echino- 
derms) are superior, as animals, to the lower hemiphytoid species 
Buch aa the Bryozoans. 
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2. Further exemplijkations of (lie preceding meOiode of cephaliza" 
tion, — ^In order to give greater clearness to the explanations 
which have been made on the preceding pages, the application 
of the terms expressing the methods of cephalization to grades 
of species may here be farther illustrated. 

In the class of Crustaceans, the distinction between the Ist 
and 2nd orders, or Decapods and Tetradecapods, depends on 
case a under the relroferenl method — ^a transfer of memoers from 
the cephalic to the locomotive series. In connection with it, 
there is also an exhibition, to some extent, of the analytic method 
more of the segments of the body in the latter being free, and 
all, more regular or normal in form. 

Under Decapods, the difference between the 1st and 2nd tribes, 
the Brachyural and Macrural, depends mainly on the amplificative 
method — there being in the latter, by an abrupt transition, 
greater length and laxness before and behind. Under the 
enalytic^ also, the lengthened abdomen in the Macruran has its 
normal number of segments and members. 

Among the subdivisions of Macrurane^ the retrofereni method 
appears prominently in the transfer of force from the first pair 
of legs to the second and, among the lower genera, to the Aird 
pair ^ee p. 823) ; the amplificative^ in the length of antenn® in 
some fiimilies, and in the length of abdomen as compared with 
that of the cephalothorax in others ; the elliptic^ in the absence of 
posterior cepnalothoracic members, and also the obsolescence of 
the abdominal members in many Schizopods or degradational 
Macrurans ; the pervertive^ in the outer maxillipeds taking the 
form and functions of feet, as in many inferior Macrurans. 

Under Tetradecapods^ the difference between the 1st and 2nd 
tribes, or Isopods and Amphipods, depends on the very same 
methods as that between the 1st and 2nd under the Decapods : 
that is, on the amplifijcative^ as shown in the greater length of 
cephalothorax and the elongated abdomen, ana on the analytic^ 
the lengthened abdomen having its normal segments and ap- 
proximately normal members. 

Under the Amphipods, the amplificative method is variously 
illustrated ; the elliptic in the obsolescent abdomen of the Caprel- 
lids, as well as in the absence or obsolescence in many species of 
two pairs of thoracic legs. 

Again, in the class of Insecteans, the distinction between the 
Ist and 2nd orders, or Insects and Spiders, depends on case a 
under the reiroferent method (see this vol., p. 8) ; and, in connec- 
tion, there is an exhibition of an incipient stage of the analytic, 
the head and thorax in Spiders constituting a single mass (p. 826). 

Under Insects, the difference between the two highest divisions, 
Prosthenics and Metasthenics^ depends on case h under the retrofer- 
ent method, or a transfer of the flying function mainly or wholly 
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to the posterior pair of wings.. And the third is a degradational 
group, in which, bj the amplificative^ analytic and elliptic methodfl^ 
the species (Lepismae, etc.) are wingless and larve-like. 

Among Herbivores, the Elephant shows superiority (1) in 
having, as in Carnivores, the teeth (its tusks) for defensive 
weapons ; (2) in having, as in Carnivores, the power of prehen- 
Bion, a quality, however, transferred from the teeth to one of the 
organs of sense, the nose ; this organ of prehension also aids in 
defense; (8) in having the normal number of toes; (4) in having 
pectoral mammae, as in the highest Megasthenes or Quadmmanes, 
the highest Microsthenes or Bats, and also in Man. The great 
size is not a mark of overgrowth and inferiority, for the animal 
is neither stupid nor sluggish. The Ruminants are inferior to 
the Elephant in having, not an inferior organ of sense, but the 
forehead, or typically the most important part of the head, pe^ 
verted to use for self-defense ; and also in other waya Among 
Buminants, the Stag or Elk-type shows superiority to the Ox- 
type, in (1) its more compact and smaller head; (2) its leas 
magnitude posteriorly ; (3) its limbs adapted to fleet motion ; (4) 
ite fore-limbs adapted for climbing and clinging, giving them a 
meQXdXprosihenic character and great superiority to those of the 
Ox. Tne Horse-type shows inferiority to the Elephant-type, in 
(1) its long head and neck (ampli6cate) ; (2) its one-hoofed 
foot; (8) its being metasthenic, the hind legs serving as the 
principal organs of defense; and also in the characters men- 
tioned above. 

The discussion of the subject of classification beyond, will be 
found to be a continued exemplification of the laws of cephaliza- 
tion, and we refer forward for additional elucidation. 

8. The forms, resulting from the expression of the same law of 
cephalization in diverse groups, often similar; and hence come some 
of the analogies between groups, or their osculations. — It is apparent 
that the grades of cephalization may have expression in any di- 
vision of the animal kingdom, and that hence may come paraUd 
results as to form. For example, there may be cases of amplifica* 
five decephalization — or of long-bodied or long-legged species— in 
the different orders or tribes of Insects ; and, when so, the species, 
in these different groups thus characterized, will be, in a sense, 
representatives of one another, and the groups will "osculate" 
at such points. One example is that of Orthopters and Neurop 
ters through the Mantids m the former and the Mantispids in 
the latter; also, that of Dipters and Neuropters, through the 
slender Tipulids of the former. The same may be exemplified 
among the orders of Birds. The degradational feature, for ex- 
ample, of webbed feet, or that of defective wings may character 
ize the inferior species of different subdivisions, and so produce 
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osculant groups ; so may the amplificoHve feature of great length 
of limb and neck, the Herons among the Altrices, thus repre- 
senting the Grallatores among the Praecoces. 

The osculations or close approximations of classes, orders, 
tribes, etc., are thus often connected with like expressions of the 
methods of cephalization. 

4. Forms resulting from high and low cephalization sometimes 
similar, — High and low cephalization often lead to similar forms, 
the former through cephalic concentration^ the latter through 
cephalic and general feebleness; just as a thing may be small, 
when the material is condensed or concentrated, and equally 
snudl when dilute and there is little of it. Thus the Crab has a 
yery small memberless abdomen, from a contracting of the 
sphere of growth through concentrative cephalization ; on the 
other hand, the Schizopod has a memberless abdomen, through 
a limitation of the sphere of growth resulting from mere feeble- 
ness in the life-system. The abbreviated memberless abdomen 
of the Caprellid and the obsolescent spine-like abdomen of the 
Limulus are other examples among Crustaceans of this elliptic 
decephalization. See also page 6 of this volume for a compari- 
son of a Limulus and an Insect. The Butterflies have very 
large wings through the amplificative method ; but some inferior 
nocturnal species nave the wings narrow through inferiority of 
grade, on the above principle, and not properly through concen- 
tration and elevation. 

There is, in general, no danger of confounding the two cases, 
because the accompaniments in the structure of the superior 
species, as well as those of the inferior, commonlv indicate their 
true relations, at once, to the mind that is well versed in the 
department of zoology to which the species belong. But there 
are many cases in which it is not safe to make a hasty decision. 

5. Uniformity of shape and size in any group greater among the 
higher typical species than among the lower typical or degradational 
species. — On the higher typical level in any class, order, tribe, Ac., 
tne type is represented generally in its greatest number of 
species, and always under the least extravagance of form and 
size. Thus, Insects, the higher typical division of Insecteans, 
are vastly more numerous in species, and less diversified in size, 
form and structure, than Crustaceans or Worms. And, under 
Insects, the Hyraenopters have little variety of form of body, 
and form or size of wings, compared with the Neuropters, Lepi- 
dopters, Homopters and even the Coleopters; and the Coleopters, 
little compared with the Orthopters. The fantastic shapes, in all 
cases, occur in the inferior typical or the degradational groups. 
In these, cephalization is of low grade, and as a consequence of 
this relaxing of the system, or its inferior concentration^ the 
forms run off into v«iried extravafjances. 
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6. Classification hereby placed on a dynamical or sthenic &utf.— 
The laws of cephalization, as is apparent from the explaoatioos 
which have been made, are based upon the idea that ao animal 
is centralized force; and that the degree of concentration of this 
force may be exhibited in the structure ; that, consequently, the 
various grades of species or groups become apparent, to some 
extent, through size and form, and their determination is thos, 
in part, a matter of simple measurement. Dimensions or spatial 
conditions have a relation to force in the animal kingdom aa 
well as in that of the celestial spheres. 

Bank or grade are thus brought to the rule and plummet, and 
classification, thereby, has a dynamical basis. The distinctiona 
between groups have a dynamical or sthenic character, and all 
subdivisions in classification, when thoroughly understood, will 
have recognized sthenic relatione 

It must, however, be kept in mind that the element of atiee^ 
when used in the application of the principle, or as a mark of 
superiority, is not absolute size. For it is one of the laws of 
life that vegetative growth may enlarge a weak life-system to 
gigantic dimensions. Thus, the life>system of an Entomostracan 
taxes great magnitude inaLimulus; of a Tetradecapod, in a 
female Bopyrus; of an Edentate, in aMegathere; of a Mutilate^ 
in a Whale. The body of a Crab has 50 times the dimensions of 
that of an Insect ; and its head probably 100 times that of the 
head of an Insect, although an Insect is the superior species. 

Neither is mere muscular strength an indication of grade; for 
there is force used in sustaining the structure which is greater 
the higher the organism, and, superior to this, there is sensorial 
and other cephalic force. Were we to base our comparison 
between the grade of life-system in a Crab and that oi a Bee 
on the ground of muscular strength, we should go far astray; 
and still wider from the mark, were we to rely on the relative 
sizes of the cephalic nervous masses; for this nervous mass in a 
common Crab {Maia squinado of European seas) has 25 to 30 
times the bulk of that in a Bee. Man yields in size and mus- 
cular strength not only to the higher Megasthenes, but to the 
Whales or lowest ; and the brain in the Elephant and the Whale 
outweighs his. The Megathere, although much more powerful 
than a Kodent, has not, on this account, as his structure and habits 
show, any claims to a place above the lowest of Microsihenes. 

The terms Megasthenes and Microsihenes are not to be unde^ 
stood as signifying large Mammals and small Mammals, bat 
Mammals of strong life-system and weak life-system. Comparing 
the typical species of Megasthenes* with those of Microstnenes^ 

* These orders of Mammals, (see last volume of this Joamal, page 70, and page 
84 2» beyond), make parallel series — the Chiropters or Bats of the MicrostbeiMi 
repreteoting the Quadrumanes of the Megasthenes, the Insectirores repreaentiQg 
the OaraiTores, the Rodents the HerbiTores, and the Edeototea the MutiUtea. 
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there is some correspondence between average size of structure 
and strength of life-system. But a comparison of the typical of 
the former with the degradational of the latter leads to very 
&lse results. 

An approximation to the right ratio is obtained from a com- 
parison of the degradational species of each; but this is of 
no importance in its bearing on the question, since vegetative 
growth is apt to give the greatest proportional enlargement to 
the lowest species. 

These facts teach that relative size of body, or of brain, is no 
necessary test of relative rank. The ratio, in Juifc, of 1 : 8 between 
the brain of an average Man and that of a gorilla tells nothing 
of the actual diflFerence of life-system, or of brain-power. At 

Sage 70, in the last volume of this Journal, the relative lineal 
imensions of Microsthenes and Megasthenes is estimated at 
1 : 4, which gives, for the relative buUc^ 1 : 64. If this be the 
typical ratio between the life-systems of the highest Microsthenes 
and highest Megasthenes, surely that between the highest Megas- 
thenes and normal Man — he constituting a distinct order (see p. 
841) — must be at least as great. 

The same ratio of 1 : 4, as shown by the writer, is that for the 
mean size, lineally, of Tetradecapods and Decapods, under Crus- 
taceans. In two cases, then, consecutive orders differ by a like 
ratio, or approximately so, in dimensions. As has been re- 
marked, deductions from mere size may be very erroneous ; yet 
there is no reason, in either of the above cases, to suppose the 
ratio of life-systems less than that thus indicated. May not, 
therefore, some similar ratio exist between other analogous con- 
secutive orders, where size does not manifest it, — as, for example, 
between Spiders and Insects? And is not the ratio a much 
greater one between the highest of Insecteans and highest of 
Crustaceans, since these subdivisions of Articulates are not 
orders but classes ? Important results may flow from following 
out the idea here touched upon. 

After the preceding explanations, I proceed to exhibit some of 
the relations of the higher groups in zoological classification, 
as they appear in the light of this subject of cephalization. 

3. Classification of Animals, 

1. Subkingdoms, — Of the four subkingdoms, first recognized 
by Cuvier and since by most zoologists, the Vertebrate, Articu- 
late and MoUuscan are typical, or of the true animal-type^ and 
the Radiate is degradational, being plant-like in type. Using the 
terms alphatypic, betatypic and gammatypic simply as a number- 
ing of the grades of types (see p. 334), their relations are as follows : 

Am. Jour. Sci.— Second Sbkibb, Vol. XXXVI, No. la?.— Nov., 1868. 
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Alphatjpic, 1. Vertebratea- 

Betatypic, 2. Articulates. 

Gammatypic, 8. Mollusks. 

Degradational, 4. Radiates. 

An important dynamical distinction between MoUusks and 
Articulates has been suggested on page 10 of this volume. 

2. Classes of Vertebrates^ Articulates^ MoUusks and Radiates,--- 
(1.) The classes of Vertd)rates are four (see page 819), namely, 
Mammals, Birds, Reptiles and Fishes, — toree of which are typi- 
cal, of different grades, parallel with the above. 

(2.) The classes of Articulates are but three, Insecteans, Crusta- 
ceans and Worms. This is illustrated at len^h at page S of this 
volume, where it is shown that the three divisions of Insecteans, 
namely Insects, Spiders and Myriapods, are distinguished by 
characteristics analogous to those wnich separate the divisions 
of Crustaceans, — Decapods, Tetradecapods and Entomostracans. 
The facts on this point are briefly presented on page 836. Insects 
and Spiders do not, in fact, differ more widely in external form 
or in structure than Decapods and Tetradecapods. 

Insecteans and Birds express in different ways the same type- 
idea, — that of aerial life, Birds being flying Vertebrates and 
Insects flying Articulates ; and, in accordance, they are of the 
same grade of type, both being betatypic. This follows, further, 
from the fact that there are but two grand divisions of Insecteans 
above the degradational division, that of Worms. 

(3.) Among MoUusks^ there are two well-characterized classes, 
XhQ first including the ordinary MoUusks; the second^ the AscOi' 
oidsj or the Brachiopods and Ascidians, which are mostly attached 
species and thus hemiphytoid. Besides these, there are the 
Bryozoans. which either make a third division under the Ascidi- 
oids (Edwards having long since pointed out their relations to 
the Ascidians) ; or they constitute a third class of Mollasks, 
characterized by being polyp-like both in external appearance 
and in being attached, and hence doubly hemiphytoid. 

(4.) The Badiates SLTQ all degradational in their relations to the 
animal-type. But under the Radiate-type^ the species of the 
first two classes are within type-limits, while those of the third 
are degradational, since almost all are attached and very inferior 
in type of structure, being the most phytoid of phytoid animals. 
The grades of structure as marked in the digestive system are 
as follows: (1) having approximately normal viscera, as in Echi- 
noderms ; (2) having, for the digestive system, only a stomach 
cavity, with vessels, imbedded in the tissues, radiating from it, 
as in Acalephs; (3) having, for the same, no system of viscera 
or radiating vessels ; but only a central stomach surrounded by 
a cavity more or less divided at its sides by partitions, as in 
Polyps. 
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The following table presents the relations and the parallelisms 
of these classes, and of each to the subkingdoms. 



D. 



Sobkiogdoma 

Vertebrates. 

Articulates. 

Mollusks. 

Radiates. 



Vertebrates. 

Mammals. 

Birds. 

Reptiles. 

Fishes. 



Articdatea. 



Mollusks. 



Ordinary. 
Ascidioids. 
Bryozoans f 



Radiates. 



Ecbinoderms. 

Acalepbs. 

Polyps. 



Insecteans. 

Crustaceans. 

Worms. 

Arranging the divisions according to the relations of the 
groups to the animal'type^ instead of the special type of each 
class, the table takes the following form : 



a. 

r- 

a. D. 

b. " 

€. 
d. 

e. 



Subkingdoms. 
Vertebrates. 
Articulates. 
Mollusks. 



u 



Radiates. 



Vertebrates. 

Mammals. 

Birds. 

Reptiles. 

Fishes. 



Articulates. 


Mollusks. 


Insecteans. 

Crustaceans. 

Worms. 


• 


Ordinary. 

Ascidioids. 

Bryozoans. 









Radiates. 



Ecbinoderms. 

Acalepbs. 

Polyps. 

The letters c, d^ e, stand for different grades of phytoid de- 
ffradational, i, hemiphytoid, and a, degenerative. The blank 
interval between Mollusks and Radiates is filled up by the infe- 
rior divisions of the higher subkingdoms. 

We may now consider the subdivisions under some of the 
classes ; and first, those of Vertebrates.. 

8. Higher subdivisions of the class of Mammals. — The higher 
subdivisions of the class of Mammals are four in number : Man, 
Megasthenes, Microsthenes, and Odtocoids, as explained in the 
preceding volume of this Journal, p. 70 Man is shown to stand 
apart from the Megasthenes on precisely the same characteristic 
tihat separates the two highest orders under the classes severally 
of Insecteans and Crustaceans ; for, in passing from Man to the 
brute Mammals, there is a transfer of the forelimbs from the 
cephalic to the locomotive series. 

Moreover, a study of the Vertebrate skeleton has shown that 
the forelimbs in the Vertebrate-type, as well explained by Pro- 
fessor Owen, are cephalic appendages^ being normally appendages 
to the posterior or occipital division of the head. In the Fish, 
these forelimbs (the pectoral fins) have at any rate an actual 
cephalic position (back of which position they are thrown, by dis- 
placement, in other Vertebrates). Now, in Man, they are not 
only cephalic in normal structural relations, but cephalic also in 
use. The transfer of these cephalic organs to the locomotive 
series, by which the brute structure is made, is a manifest degra- 
dation of the type. Man is thus the only Vertebrate in which 
the Vertebrate-type is expressed in its perfection, and therefore 
occupies ahne the sublime summit of the system of life. 
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Three of the orders of Mammals, namely, Man, Megasthenes, 
and Microsthenes, are typical, of different ^des, and one, Ooto- 
coids, as explained on pages 816 and 332, is semidegradationaL 

For remarks on the suhdwisions of Megasthenes and Micros- 
thenes, see the articles above referred to, and also p. 888, pre- 
ceding. 

The Ootocoids may be divided into three groups — a megas" 
ihentc^ a microsthenic and a degradatumal ; the ^r5^ to include the 
genera Phalangista, Dasyurus, Macropus, Diprotodon, eta ; the 
second^ Perameles, Didelphys, Phascolomys, Echidna, eta, or 
Marsupial Insectivores, Kodents and Edentates; the ihird^ Orni- 
thorhynchus. 

The following table presents to view the subdivisions of 
Mammals and its orders. Under Ootocoids, the relations of the 
two higher groups are indicated by the above adjectives, withoat 
giving them special names. 



Mammals. 
a. Man. 
§. Megasthenes. 
^. Microsthenes. 
D. Odtocoids. 



Megasthenes. 
Quudrumanes. 
Carnivores. 
Herbivores. 
Mutilates. 



Microsthenes. 

Chiropters. 

Insectivores. 

Rodents. 

Edentates. 



Odtoeoidf. 

Megasthenic 
Microsthenic. 
Omithorhjnchii 



4. Higher subdivisions of the classes of Birds, Beptiles and FiAa. 
— (1.) In the class of Birds, there are three grand divisions: the 
first two, as recognized by Bonaparte, are the Altrices (Bapacions . 
birds, Perchers, &c., and other birds that feed their young until 
they can fly), and the Prcecoces (or the Gallinae, Anseres, Ostriches, 
etc., which feed themselves as soon as hatched). The third 
includes the Reptilian Birds or Erpetoids (p. 317). The terms 
PUirosthenics and Podosthenics apply equally well with AUrtoa 
and Proeeoces to the two higher divisions of Birds, as explained 
on page 823, and have an advantage in their direct dynamical 
signification. 

The type of ordinary Birds (or Pterosthenics and Podosthe- 
nics) is stated on page 333 to be essentially limiiate, like that of 
Insects, while the type of Erpetoids is muUiplicatc, like that of 
Myriapods or of ordinary Reptiles; so that the relation of Erpe- 
toids to the higher division of Birds is in an important respect 
analogous to that of Myriapods to the higher division of In- 
secteans. 

(2.) In the classification oi Reptiles there are three prominent 
types of structure recognized by Erpetologists ; (1) that of the 
Chelonians; (2) that of the Lacertoids (including Saurians, Liz- 
ards, Snakes) ; and (3) the degradational or hemitypic one of Am- 
phibians. It is now well known that Snakes and Lizards are 
alike in type of structure, the two ^oups graduating almost in- 
sensibly into one another, some species ranged as Lizards being 
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footless like the Snakes. The Snakes constitute the degradational 
group under the Lacertoids. The Amphibians, constituting the 
third order, are on the same level with the Erpetoid Birds and 
the Ootocoid Mammals, as presented in the following table. 

The three orders of Beptiles — Chelonians, Lacertoids and 
Aniphibians — make a parallel series with the three lower classes 
of Vertebrates ; the Chelonians representing the Birds, to which 
they approximate in some points, besides being betatypic like 
them ; the Amphibians representing the Fishes, with a still 
closer approximation between the two ; while the Lacertoids are 
the typical Beptiles. The Chelonians might be viewed as hemi- 
typic Beptiles ; not hypotypic like the Amphibians, but hyperti/piCf 
like the Selachians and Ganoids among Fishes. 

(S.) Fishes are all degradational specie^ in their relations to 
the animal-type. The two higher groups, or those of Selachians 
and Ganoids as already explained (p. 884), are hypertt/pic. The 
third, including Teliosts, is typical if viewed with reference to 
the Fish-type. Below these, the Dermopters or Myzonts, (in- 
cluding Amphioxus, Myxine, etc.) constitute an inferior hypotypic 
or degradational group, — that is aegradational in its relations to 
ivpicai Fishes (p. 882). Thus typical Fishes are gammatypic in 
their relations to other Vertebrates, while the alphatypic and 
betatypic groups are hypertypic orders. 

The following table exhibits the relations of the orders in 
the classes of Birds, Beptiles and Fishes ; and, for comparison, 
those of Mammals are added. 



Alphatypicy 
Betatypic, 

Gammatypic, 
Hemitypic, or ) 



M 

Man. 

Hegasthenes. 
Microsthenes. 



Odtocoids. 



Birda 

\ Altrices, or 
( Pterosthenics. 
i Praecoces, or 
( Podosthenics. 

Erpetoids. 



Reptiles. 



CheloDians. 
Lacertoids. 
Amphibians. 



Fishes. 
Selachians. 

Ganoids. 

TeliosU. 

Dermopters. 



Degradational, 

We pass now to Articulates. 

5. Subdivisions of the classes, Insecteans, Crustaceans and Worms 
into Orders. — (1.) The higher subdivisions in each of the classes, 
Insecteans and Crustaceans, are three in number, none existing 
above the betatypic grade, which is that of Articulates among 
the subkingdoms, and of Insecteans among Articulates. (See 
page 7.) 

(2.) Worms are of four types of structure. First, Annelids, 
or typical Worms, including the Branchiates, Abranchiates, and 
Nematoids — the last the degradational group, and showing this 
in the obsolete body-articulations and some internal characters. — 
Second, Bddloids, or MoUuscoid Worms, including the Hirudines 
or Leeches, Planarians and Trematodes ; characterized by obso- 
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lescent or obsolete body-articulations, and by often wanting tbe 
nervous ganglia excepting the anterior; by usually a Gastero- 
pod-like breadth and aspect, an amplificaie feature ; by being in 
general urosthenic^ even the highest having a caudal disk for 
attachment ; and in an up*and-down movement of tbe body in 
locomotion, Mollusk-like, instead of the worm-like lateral move- 
ment of the Annelids. The fact of this mode of movement has 
been recently made known to the writer by Dr. Wm. C. Minor, 
as a distinctive feature of the Bdelloids. Quatrefages remarks 
that the Planarians and Trematodes may well be regarded de- 
graded forms of the Hirudines, and the three tribes are arranged 
in one group by Burmeister. — Third, Oephyrtans (of de Quatre- 
fages), or Holothtirioid {Radiate-lxke) Worms, including the gen- 
era, Echiurus, Sipuncula, etc/ — Fourth, Osstideans, or Protoeoic 
Worms, including the Cestoids, in which there is no norrotl 
digestive system, and the segments are independently self- 
nutrient.' 

The orders of these classes of Articulates are the following : 



Insecteans. 

InsectA. 
Spiders. 
Myriapods. 



Cnistaceara. 



Decapods. 

Tetradecapods. 

Entoraostracans. 



Wonnt. 

Annelids. 
Bdelloids. 
Gephyreans. 
Cestideans. 



Alphatypic, 
Betatypic, 
Gammatypic, 
a. Degradational, 
b. 

6. Subdivisions of the orders of Insecteans and Crustaceans into 
tribes. — (1.) The orders of Insecteans have each three divisions, 
excepting that of Myriapods in which but two have been recog- 
nizea. The three of Insects are indicated on pages 328, 885. 
The fact that Insects are, in type-idea, flying Articulates gives 
special importance to the wings in classification. The^ir^^ order 
includes tne Prosthenics^ in wnich the anterior wings are flying 
wings, as the Hymenopters, Dipters, Neuropters, Lepidoptera 
and Homopters. The second consists of the MHasthenics or 
Elytropters^ in which the anterior wings are not used in flying, 
or but little so, as the Coleopters, Strepsipters, Orthopters and 
Hemipters. The Heraipters and HomojDters, united in one tribe 
by most entomologists, are hence profoundly distinct. The third 
tribe, or Apters, embraces the Lepismids and Podurellids; the 
remaining Apterous insects being distributed among the other 

^ The Holothurioid characteristics are well exhibited by do Quatrefages in Part 
ii, p. 2iS and beyond, of Recherche* Anatomigues et Zoologiques faUe* pendant tm 
vot/a^e iur let Cotet de la SicilCf etc., in 8 vols, or parts, tbe second by de Quatre- 
fages. Paris. 

* The Aeanthocephali, according to van Beneden and Blanchard, are Nematoidif 
(with which they agree in form and general structure) although without a digestirt 
system. Blanchard states that there is reason for believing that the digestiTe tjf- 
tem becomes atrophied with the growth of the animal, and mentions that cases of 
like atrophy occur even in S]iecie8 of Owrdiut and NemerU9, 
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groups, as suggested by different entomologists. The LepismsB 
show their degradational character in their larval forms and 
in other approximations to the Mjriapods, and the Podurellids 
appear to be still inferior in having the abdomen elliptic in some 
segments. 

(2.) The orders oi Spiders suggested by the principles of cephal- 
ization are in precise parallelism with those of the Decapod and 
Tetradecapod Crustaceans. They are, first, Araneoids^ including 
all the Pxdmonaies^ except the redipalps; second, Scorpianotdsj 
or the Pedipalps from among the Pulmonates, and the Chelifer 
group from among the Trachearians ; third, Acaroids, 

The Araneoids are Brachyural Spiders ; the Scorpionoids, 
Macrural; while the Acaroids are degradational. The last show 
their degradational character in having no division between the 
abdomen and cephalothorax ; so that, while Insects have the 
body in three parts, head, thorax, and abdomen, and ordinary 
Spiders in two^ cephalothorax, and abdomen, the Acaroids have 
it undivided (page 826). Thus, one of the most prominent 
characteristics marking the descent from Insects to Spiders be- 
comes the characteristic of a further descent among Spiders 
themselves — illustrating a common principle with regard to such 
subdivisions. (See p. 850 beyond.) The propriety of making the 
Acaroids a distinct group appears therefore to be well sustained. 

The usual subdivision of Spiders into Pulmonates and Tra- 
chearians depends on internal characters, which is not the fact 
with any other subdivisions in the table beyond. Moreover, these 
names, though seeming to mean much, are not based on any 
functional difference between the groups. Spiders have many 
relations to Crustaceans ; and it is natural that the subdivisions 
in both should depend on the same methods of cephalization, 
the amplificative and analytic (p. 835). 

(3.) The two orders of Myriapods are examples, one of case a, 
the other of case 6, under multiplicative decephalization (p. 825). 

The close relations between Isopods and the higher Myria- 
pods, suggest that they are of like grade under their respective 
types, that is, betatypic. 

(4.) a. Under Decapod Crustaceans^ the subdivisions are thrte^ 
as remarked upon by the author, at page 326 of this volume.* 

The Anomurans are only degradational Brachyurans, and do 
not represent an independent type of structure. The Schizopods, 
similarly, are degradational Macrurans, with which they should 
be united. The third type is that of the Oastrurans, which are 
peculiar, among Decapods, in having the viscera extend into the 
abdomen, one of the marked degradational features of the type. 
They are the Stomapods of Latreille; but this author, in his last 
edition, made the group, in connection with the Schizopods, 

' See also yol. zxv, [2], pp. 887, 888. 



346 * Dana an the Classification of Animab 

coordinate with that of Decapods. Being coordinate with Brachy* 
urans and Macrurans, the change of name is necessary. 

b. The Tetradecapods include two divisions precisely paralkl 
with the first two of the Decapods, the first literally ftmcAyuroI, 
the second macrural (See p. 835 of this volume.) The Aniso- 
pods^ of the writer, are degradational Isopods, just as the Ano- 
murans are degradational Brachyurans. The Lemodipods (Ca- 
prellids, etc.) are only degradational Amphipods, the structure 
of the two Deing essentially the same in type. Hence, neither 
the Lemodipods nor the Anisopods are an independent type 
corresponding to a tliird subdivision. 

The third subdivision probably is made up of 7WZo6tito, 
although these are generally regarded as Entomostracans. One 
of the most prominent marks distinguishing Entomostracans 
from Tetradecapods is the absence of a series of abdominal ap- 
pendages. It IS highly improbable that the large abdominal 
(or caudal) plate of an Asaphus, or the many-jointed abdomen 
of a Paradoxides, Calymene, etc., should have been without 
foliaceous appendages below; and if these appendages were 
present, the species were essentially Tetradecapods, although 
degradational m the excessive number of body-segments. 

c. Entomostracans (or Colopods, as they are more appropriately 
styled) embrace four orders. First, Carcinoids (as named by 
Latreille) consisting of the Cyclops group (Copepoda of Ed- 
wards), whose species have a strong Macrural or shrimp-like 
habit; to which should be added the Caligoids, (Cormostomes of 
the writer, Siphonostomes of others,) since they are essentially 
identical in type of structure with the Cyclopoids, as may to 
seen on comparing Sapphirina of the latter with CWi^tw.— Sec- 
ond, Ostracoids (or the Daphnia, Cypris and Limnadia groups), 
which have, besides a bivalve carapax more or less complete, a 
much more elliptic abdomen than the Carcinoids, it being short, 
incurved, and without a lamellar terminal joint or terminal ap- 
pendages. — Third, LimuloidSj which have the abdomen still more 
elliptic, it being reduced to a mere spine, or nearly obsolete, and 
which have the mouth-organs all perfect feet and the only loco- 
motive organs. (The joint across the carapax of the Limulos 
corresponds in position to a suture or imperfect articulation in 
the carapax of the Caligi, etc.) — Fourth, the Rotifers^ a low Pro- 
tozoic grade of degradation, in which all members are wanting, 
and locomotion is performed by cilia. The Phyllopods are dis- 
tributed between the first two divisions. 

The Rotifers are sometimes arranged under Worms. If they 
are degradational species of a limitate type, they are Crusta- 
ceans; and if of a multiplicate, they are Worms. The very 
small number of segments present, when any are distinct, the 
character of the dentate mandibles (for mandibles are not found 
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in the inferior subdivisions of Worms), and the resemblance in 
the form of some species to Daphniae and other Entomostracans, 
sustain the view that they are Crustacean. 

The Cirripeds appear to be only attached, amplificate Ostra- 
coids. (See pages 324, 825.) 

The subdivisions of the orders of Insecteans and Crustaceans 
are then the following : 



^ 



InsecU. 

Prosthenics or 
Ctenoptera. 

Metastbemcs or 
' Eljtroptera. 
a. D. Aptera. 
6. D. 



Spiders. 

Araneoidfl. 

ScorpioDoids. 
Acaroidt. 



Mjriapodt. 



Decapodi. 



Chilopods. BrachyaraDf. 
Diplopodf. Macmraos. 



f 



Gastrurani. 



Tetndecap'i. 



Isopods. 

Amphipods 
Trilobites.! 



Entomostr. 

Cardooids. 

Ostraooido. 

Limuloida. 
Rotifers. 



7. Subdivisions of the orders of the class of Worms. — On the true 
method of grouping the typical (Branchiate and Abranchiate) 
Annelids, I here make no suggestions. The tribes of the other 
orders are probably those indicated on page 848, and which need 
not be here repeated. The Cystics are there included with the 
Cestoids. K any of the simple Cystics are really adults, they 
may possibly make a second subdivision of the Cestideans. 

8. Subdivisions of the classes of Mollusks. — The Ordinary Mol- 
lusks include three orders, as usually given: (1) CephalopodSj 
(2) OephalcUes and (8) Acephals; of which, the first two corres- 

Sond to different grades of typical Mollusks, and the last is 
egradational in its relations to the type, the species being im- 
perfect in the senses and means of locomotion. 

The Ascidioid Mollusks comprise (1) Brachiopods and (2) As- 
cidianSj with perhaps the Bryozoans as the third order. If the 
last, however, be made a third class^ as suggested (though with 
hesitation) on page 840, there is no third order, unless tne infe- 
rior of the compound Ascidians, having water-apertures to a 
group of indiviauals instead of to each one, and the mouth- 
opening of each usually radiated (the number of rays svcj^ be re- 
garded as the third. This would make the orders, (1) Brachio- 
pods ; (2) Ascidians ; (3) Incrustates ; the first two typical, the 
last degradational and strikingly hemiphytoid. 

4. Conclusions. 

The preceding review of zoological classification appears to 
sustain the following general conclusions. 

1. Number and typical relations of the subdivisions of groups. 

L The number of subkingdoms, classes, orders, and tribes in 
the system of animal life is either four or threcj that is, the divi- 
sion m each case is either quatemate or temate. 

Am. Jour. Sol— Sicokd Ssbiu, Vol. XXXVI, No. 108<— Nov., 1863. 
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n. The lowest of the subdivisions in each group is a d^gndir 
tional or semidegradational subdivision, or hypotypic. 

lU. The quaternate division is confind to six cases (exoqife* 
ing two or three among inferior types in which there are An 
degradational subdivisions): 1, the number of subkingdoms; 
2, the number of classes under Vertebrates, the highest of the 
subkingdoms ; 8, 4, the number of orders under Mammals and 
Fishes, the highest and lowest classes of Vertebrates ; 5, 6, tha 
numbers of tribes under two of the orders of Mammals. 

rV. In three only of the six cases of quaternate division are 
the three higher subdivisions all true typical, namely ; 1, in the 
division of the animal kingdom into subkingdoms ; 2, of the 
Vertebrates into classes ; 8, of Mammals into orders. In the 
last we reach Man. As man alone is archetypic in the class of 
Mammals (p. 884), so the Mammal-type is archetvpic among 
Vertebrates, and the Vertebrate-tjrpe among the subkingdoms. 

b. Below this archetypic level, in the orders of Mammals, ths 
number of true typical subdivisions is but two — and these are 
the betatypic and gammatypic ; for the first or alphatypic subdi- 
vision in both Megasthenes and Microstheiies, as explained on 
page 884, is hypertypic, and not true tvpical. 

c. Again, of the four orders of Fishes only one is tjrpical, the 
tux) highest being hypertypic (p. 834). 

V. In the rest of the animal kingdom, the number of trm 
typical groups, in the classes, orders and tribes that have been 
reviewed, is either two, the betatypic and gammatypic^ or one, the 
gammatypic alone. 

2. Lines of gradation. — ^Lines of gradation between groups are 
lines of convergence or approximation through intermediate 
species. Before mentioning under this head the deductions from 
the preceding classification (or VIII, and IX beyond), two gene- 
ral principles (VI and VII), having an important bearing upon 
them, are here introduced. 

VI. The approximations between two groups usually take 
place, as has been frequently observed, through tneir lower limitt, 
or most inferior species, that is, between the degradational subdi- 
vision of the inferior as well as of the superior group. — For ex- 
ample, plants and animals approximate only in their simplest 
species, the Protozoans and Protophy tes ; Birds and Quadrupeds 
most nearly in the Ornithorhynchus or Duckbill — which, at the 
same time that it is the lowest of Mammals, is related to a veiy 
inferior type of Birds, the Ducks ; Quadrumanes and inferior 
Mammals through the Lemurs of the former and the Bats and 
Insectivores of the Microsthenes, and not through the higher 
Carnivores or even any of the Megasthenes. 

The classes of Reptiles and Fishes may appear to be an ex- 
ception. But the Perennibranchs (or the species with permaDeDt 
gills) among Amphibians, if referred to the type of Fishes^ vA 
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especially to the Granoid type, would rank low, as is obvious 
from their exsert and loosely-hung gills without gill-covers, the 
absence of scales, and the general inferiority in all structural 
arrangements. The Ganocephs, known only as fossils and gen* 
erally regarded as Perennibranch Amphibians, have, it is true, 
a higher grade of organization, both as regards gills and scales, 
being allied, in these respects, to the highest of Ganoids. And 
this fact, in view of the above canon, sustains the opinion of 
Agassiz that the Ganocephs (or Archegosaurs) are actually 
Gtinoids, — having a Beptilian feature in the partial elongation 
of the limbs, but in little that is fundamental in the structure 
beyond what belongs essentially to the Ganoid-type. 

Vll. The lines of gradation between classes, orders and 
tribes, are only approximating, not connecting, lines, there being 
often wide blanks of the most fundamental character. The 
Omithorhynchus, although Duck-like in some points, .leaves still 
a very wide unfilled gap between the Mammal and Bird, and 
the Marsupials a still wider. The species are fundamentally 
Mammalian, and Bird-like only in pomts of secondary import- 
ance. In a similar manner, there are long blanks between the 
Odtocoids and higher Mammals; between Myriapods and either 
Insects or Spiders ; between Beptiles and Mammals. The inter* 
mediate groups belong decidedly to one or the other of the two 
approximating groups, and are never strictly intermediate. 

VlIL Under any ckus^ order or irtbej the lines of gradation run 
in most cases between the degradational subdivision and severally 
the gammatypic and betcUyptc subdivisions, and far less clearly, 
or not at all, between the gammatypic and betatypic themselves; 
that is, between D and r, and D and fij rather than fi and r. For 
example, in the class of Mammals, the lines run between Ocito* 
coids and either Megasthenes or Microsthenes, and not distinctly 
between Megasthenes and Microsthenes ; in Insecteans, between 
Myriapods and either Insects or Spiders, and not distinctly be- 
tween Insects and Spiders; in Crustaceans, between Entomos* 
tracans and either Decapods or Tetradecapous, and not distinctly 
between Decapods ana Tetradecapods; etc. There are excep* 
tions to the canon ; and still it is a general truth. 

IX. Under any doss or order the line of gradation between 
the degradational and the betatypic subdivision (or D and fi) is 
often more distinct than that between the degradational and 
gammatypic^ (or D and r), although the gammatypic is nearer in 
grade to the d^radational. — ^Thos, the line between Myriapods 
and Insects is more distinct than that between Myriapods and 
Spiders ; or that between Entomostracans and Decapods, than 
than that betweeen Entomoftracaos and Tetnulecapods. 

There is an exception in the class of Mammals : the Ooiocoids 
seem to gradoate towards both Microsthenes and Megasthenes 
with nearly eqoal distioctoeas. 



950 Dana on the Classification of Animals 

8. Coordinate grades and distinctions in Classification, 

X. The coordinate value of subdivisions in the system ol 
classification is brought out to view in the parallel colamm d 
the preceding tables, and evidence is thence afforded as to whit 
groups are rightly designated, classes, orders, etc. 

a. We thus learn that the subdivisions of the class of MtiD* 
mals — Man, Megasthenes, Microsthenes, — ^are properly orders^ if 
we so call the subdivisions Decapods and Tetradecapods under 
Crustaceans, or Insects and Spiders under Insecteans. 

b. Again, we have a solution of the question whether in etch 
of the classes. Mammals, Birds, and Reptiles, the hemitypie divi- 
sion, as so-called on page 316, is a subclass coordinate with the 
typical division of the same, or whether it is an order ooordinate 
with the three higher subdivisions of the class. The question 
appears to be decided, (contrary to former views of the writer,) 
that it is correctly made an order. These hemitypio divisions 
actually correspond severally to the degradational division in 
other columns of the different tables ; and, therefore, if in tho 
case of other classes, as those of Crustaceans, Insecteans, k^ 
they are orders^ so are they in the three classes of Vertebrates 
mentioned. They have also a relation to the hemitypie divisions 
among Fishes, which are the first and second orders of the class. 

XI. In an inferior or degradational group, the distinctions of 
the subdivisions included are generally mucn more strongly and 
obviously exhibited in the structure than among typical groups. 
Thus, the orders of Fishes are based on characters that have 
nearly a class-value among the higher Vertebrates. In the same 
manner. Amphibians, or hemitypie Reptiles, differ from trueEep- 
tiles more obviously than Ocitocoids, or hemitypie Mammals, differ 
from other Mammals. So, the distinctions among the groups of 
Crustaceans are very wide compared with those amon^ Insects; 
and those among degradational Crustaceans far wider than those 
among the typical subdivisions. The relative force of the life- 
systems is, in all probability, as great between Ootocoids and 
typical Mammals as between Amphibians and typical Beptilee, 
dthough so unequally expressed in the structure of the high or 
concentrated groups and the low or lax groups of species. Over- 
looking this principle has often led authors to allow too great 
importance to the structural differences among inferior or de- 
gradational groups. 

XII. Under any class, order, tribe, the typical zroxxvs are 
often represented more or less clearly among the subdivisions of 
the degradational. Hence characteristics which separate the 
typical groups frequently separate only subordinate divisions 
under an inferior or degradational group. Examples occur in 
the class of Fishes under Vertebrates, in whose subdivisions the 
other classes of Vertebrates are partly represented ; in the order 
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of Ootocoids under Mammals, which has its megasthenic and mi- 
crostbenic subdivisions ; under Worms, etc. 

4. Distinction between Animals and Plants, 

XIII. This subject well illustrates a fundamental distinction 
between animals and plants. 

a. An animal, as has been stated on page 882, hsisfore-and-a/tj 
or antero-posterior, polarity ; that is, it has a fore>extremity and 
a hind-extremity which liave that degree of oppositeness that 
characterizes polarity. 

b. With this fore-and-aft polarity there is also dorso-ventral 
polarity. 

c The dorso-ventral and antero-posterior axes are at right 
angles to one another. In Inverteorates and a large part of 
Vertebrates the antero-posterior axis is horizontal and the dorso- 
ventral vertical ; and only in Man, the prince of Mammals, is 
the former vertical and the latter horizontal. 

dn An animal^ again, has not only oppositeness between the 
fore-extremity and hind-extremity, but also a head^ the seat of 
the senses and mouth, situated at the fore-extremity and con- 
stituting this extremity. 

e. In addition, the typical animal \& forward moving. 

But in animals of the inferior type of Badiates, while there 
is an anterior and a posteiibr side, and also, in most species, 
forward motion, the mouth-aperture — which indicates the pri- 
mary centre in an animal (p. 822) — is not placed at one extremity, 
but is more or less nearly central] and almost precisely central in 
the symmetrical (and therefore inferior) Badiates. The mouth- 
extremity and the opposite are at the poles of the dorso-ventral 
axisj and not at those of the antero-posterior; that is, they 
are at the extremity of the axis which in the inferior animals is 
normally vertical This is true even in a Holothuria, the mouth 
of which is not at the anterior extremity, but is central, or nearly 
80, as in an Echinus. A Limulus has been referred to on page 
828 as showing an approximation, under the true animal type, 
to this same central position of the mouth. 

We pass now to Plants. The plant, in contrast with the fore- 
and-aft animal, is an up-and-down structure, having up-and-down 
polarity. The axis is vertical like the dorso- ventral m the lower 
animals, to which it is strictly analogous, as is shown from a 
comparison with Radiates, — Radiates and Plants being alike in 
type of structure. The primary centre of force is central, in the 
same sense, in the regular flower and the symmetrical Radiate. 

Thus, the structures under the animal-type and plant-type are 
based on two distinct axial directions, one at right angles to the 
other: in the animal-type the antero-posterior axis being the 
dominant one, while the two coexist ; and in the plant-type the 
axis at right angles to this being the only one. 



353 E. Loomis on vibrating Waier^faUs. 

In the above way, (as well as in its non-percipient nature,) the 
plant exhibits complete decephalization — a condition to whidi 
the Radiate only approximates, as it has generally, if not always 
an anterior and posterior side, besides other animal characteristics. 

Note to page 827. — l^e term elliptic, as ased on page 327, im- 
plies defectiveness or deficiency of parts through abnormal wtcikr 
ness in an organ or the general system. The foot of the horse, 
one of the examples mentioned, is therefore hardly elliptic, siixse 
it has its full normal strength in the one toe, this being enlarnd 
at the expense of the others. Paragraph a and the second nnoer 
b hence require correction accordingly. In the fifteenth line 
from the foot of the page, Animal-type should be Mammal-typa 



Art. XXX. — On vibrating Water-falls; by Elias LooiOS, Pro- 
fessor of Natural Philosophy and Astronomy in Yale CoU^e. 

In the year 1843, 1 published in this Journal, vol. xlv, p. 860, 
a notice of several water-falls which at times exhibitea very 
strong vibratory motion. I am not aware that any one else had 
ever published anything on this subject previous to that time. 
In that article, I proposed an explanation of these vibrations, 
which was naturally suggested by the only case which I had 
myself had an opportunity to investigate ; viz., that the dam 
itself was the vibrating Dody, and that the vibrations Wjcre 
analogous to those of a stretched cord. The attention of several 
other observers has since been called to the same subject, and 
Prof. Snell has endeavored to show that the vibrating body is 
the column of air behind the sheet of water, and that the time 
of vibration depends upon the length of this column. I have 
thus been led to examine the subject anew, and have been com- 
pelled to modify the views which I first published. I have 
made a large number of observations on several different water- 
falls, and have obtained numerous observations made by other 
persons. These observations have been made chiefly at three 
places, viz : at South Natick, Mass. ; at Holyoke, Mass. ; and 
at Lawrence, Mass. 

Observations at South Natick^ Mass. 

In August, 1859, Mr. William Edwards communicated to me 
the results of numerous observations which he had made upon a 
water-fall at South Natick, Mass., about 18 miles west of Bos- 
ton. The dam over which the water fell, consisted of two pepa- 
rate portions. One of them, the northern, was 98 feet long 
and 9 feet high, built of hewn timbers generally about 10 inches 
square, framed together, and banked up with earth to within 
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titree feet of the edge. 
had detennined that 



Mr. Edwards, who remded near the dam, 



280 per uinQto- 



When the height flO inches, the Dumber 

of the water J 8 " of 

on the edge [ 7 " vibrationa 

of the dam waa [ 6 " wa« |^ over 400 

I at once perceived that these numbeis indicated a geneiBl 
law ; viz., that the time of one vibration is nearly equal to me time 
m which a heavy body would faV, through a space equal to the depth 
of water on the dam. This will appear froin the following table, 
in which column first shows the depth of water od the edge of 
the dam; columo second shows the time of one vibration ex- 
pressed in fractions of a second ; and column third shows the 
time which a heavy body would require to fall through the 

spaces in column first, and is computed by the formula t- 

Column fourth shows the quotients obtained by dividing the 
nombers in column second by those in column thtrd. 



=# 



o^i 


TmeofoM 


Tim* of rilUnf 


lUtia 


lOioebM. 
S " 

1 - 

S " 


0«!U 
0-100 

o-m 

•a than -lliO 


0.M8 
0!M 
190 
0-ISl 


0^*0 

0483 

OMO 

Ian th«D 0-1)82 



In April, 1861, a portion of this dam, about 70 feet in length, 
was carried away, and was rebuilt during the following summer. 
The new part of the dam is of the same height as the old one, 
and is boarded up tight in front at a slope of about 75° ; but the 
old part, being ahout 80 feet in length, is open in front aa for- 
merly. In the annexed figure, I 
AB represents the height of 
the dam, AC the slope inclined 

r'nst the stream, and AD 
»s bow the new part is 
boarded up on the lower side. 
Formerly, the space behind the 
sheet of water was entirely free, 
back to AC, with the exception 
of the interruption caused by 
the beams which supported the 
dam. Now when the water is only 5 inches deep, the descend- 
ing sheet strikes AD within about 12 inches of the bottom. 
There is a square stone abutment on the south side of the sheet, 
and it is boarded up with planks on the north side, so that the 
wr behind the sheet of water is almost completely enclosed. 

The south dam is 100 feet long, and 9 feet high, and boarded 
up in froQt at a dope such that with a depthof 8in»i\ieaoS-ws.'w«^ 
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the descending sheet strikes the sloping boards nearly in the 
middle of their height The south dam is quite old and its edge 
is rough, so that the vibrations are never very regular or strong. 
The north dam is the one upon which Mr. Edwards' obflervatiooi 
have all been made. 

In the spring of 1863, Mr. Edwards, at mj request, made a 
more extended series of observations, measuring accurately the 
depth of water on the edge of the dam, and counting the ctX' 
responding number of vibrations. The depth of water wai 
measured by inserting a small rod 4 inches from the edge of the 
dam. Mr. Edwards states that, at a distance of 20 rods above 
the dam, the water was If inches higher than at the point where 
he measured it The following table shows the results of Mr. 
Edwards' observations in 1868, and is deduced firom numerous 
trials between April 23 and May 4. 



Uepih of 
water. 


Time of one 
vibration. 


Time of ftllinf 
through depth. 


Rathn 


9*21 inches. 
812 - 
700 ** 
6*81 - 

6-oe - 


08-220 
192 
0-177 
164 
188 


0»-218 
0-206 
190 
181 
162 


1-007 
•987 
-980 
•906 
•850 



These results differ sensibly from those deduced firom Mr. 
Edwards' first series of observations. The difference may be 
ascribed in part to the greater accuracy of the last observations, 
since fractions of an inch were disregarded in the first measure- 
ments. Perhaps also something is due to the modification in 
the structure of the dam. I am however inclined to think that 
the influence of the latter cause is slight, and that the discrepan* 
cies are mainly due to the unavoidable imperfection of sach 
observations. Any one who shall attempt to repeat these ob- 
servations, instead of complaining that Mr. Edwards' results are 
not perfect, will probably be surprised at the precision which he 
has actually attained. 

The result, then, which we deduce from these observations at 
South Natick, is that the time of one vibration is a liUk less than 
the time in which a heavy body ivould fall through a spcux equal to 
the depth ofvxiter on tJie dam ; and this deficiency increases as the 
depth of water diminishes. 

Observations at Holyoke, Mass. 

The dam across the Connecticut river at Holyoke, Mass^ is 
1017 feet long and 30 feet high. It is formed of square timbers^ 
inclined 22 degrees to the horizon, having one end bolted to the 
rock, and the other resting upon a timber frame-work. From 
the crest of the dam, the water descends along an apron 
about four feet in length, which slopes downwards at an angle 
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: degrees. Professor Siiell has obaerred the vibratiotis at 
iffereat times, and with the following arerage results (thia 
aal, vol. xxviii, p. 229). 

) the water ( 1 foot in height, the number ( 2S?^ per minute, 

the edge J 2 feet " of vibra- i 137} " 

le dam is [ 5 fuet " tioDs is ( 82 " 

lave spent considerable time at Holjoke, for the puq)Ose of 
mining the number of vibrations corresponding to different 
IS of water. I visited the place in August, 1869, but there 

only 6 inches of water on the crest of the dam, and the 
.tions were not noticeable. I obtained the engineer's plan 
e dam, from which s. 

iinnexed figure has 

reduced on a scale 
- inch to a foot. In 
, 1860, 1 spent seve- 
ajs in observations, 
ig which time the 
h of water ranged 

two feet to one foot J 
igain in April, 1861, 
1 1 saw the water on 
3rest of the dara in- 
;e from 43 inches to 
inches. The vibra- 
. ceased altogether 

the water had risen 
\ inches. I also made a few observations in July, 1861. 
i indicate the depth of water, there is a gauge, graduated 
«t and inches, placed 60 feet from the crest of the dam, 
firmly secured to the stone abut- a 

H The annexed plan will show 
losition of the gauge with reference 
s dam. The figure represents the 
) abutment on the west side of the 

together with a small portion of 
lam. The position of the gange is 
ifLted by the letter G, At each of 
ibservations, I recorded the depth . 
ater by this gauge ; and when the 
r was not more than two feet deep, 
asured it directly on the crest by 
13 of a pole. When the depth was 
^reat to allow this mode of measurement, I measured the 
pence of level between the surface of the water at the gauge, 
30VM. Sol— Sbookd Skbiu, Vol. ZXXVI, No. 10&.— Nor., lan. 
46 
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and on the crest, by comparing it with the top' line of the abvlp 
ment, which appeared to have been levelled with oonsideratdi 
care. In this manner it was found that when the depth, as shovi 
by the gauge, was 97^ inches, the depth on the crest was 15 
inches less. The following table exhibits the average of a con- 
siderable number of comparisons. 



Depth bjT gauge. 


Depth oo crest. 


DUfereoee. 


14*75 incbeB. 


1226 iiicbea. 


2*6 inchaA. 


16-6 


18-6 


8 « 


28 


19 - 


4 


97-6 


82-6 


16 



For depths less than two feet, the depression of water on the 
crest of tne dam is 0*175 of the depth by the gauee ; but for i 
depth of 8 feet, the depression is 0*164 of the aepth by the 
gauffe. From these results, I have deduced the depth of water 
on the crest from the indications of the gauge. 

On the 10th of April, 1861, the vibratory motion of the 
descending sheet of water was through a space of one or tvo 
feet, and was synchronous from one end of the dam to the 
other. Through each of the abutments, and on a line with the 
edge of the dam, is a passage way, 2^ feet wide and 7 feet high. 
Through these passages, the air frequently flows with great force. 
On the 10th of April, at each vibration of the sheet of water, 
the air rushed through with great violence towards the wate^ 
fall. There was however no outward motion, but simply a lull 
between the vibrations. 

April 11th, 1861, the motion of the sheet was greatest near 
the middle, but was very noticeable throughout the whole 
length. There was no wind of any consequence. Depth of 
water by the gauge 4 ft. OJ inch. 

April 12th, the vibrations were exceedingly strong, with a 
fresh breeze from the south. Gauge 4 ft. 8^ in. 

April 13th, in the morning, the vibrations were sometimes 
ver^ strong, and then soon afterward moderate, with frequent 
variations, the wind blowing in gusts from the south with a 
drizzling rain. Gauge 4 ft. 5J in. 

April 13th, toward evening, the vibrations were very strong 
for 6 or 8 times, then feeble for about as many more ; and soon, 
alternately strong and feeble. Near the middle of the sheet, the 
vibrations were tolerably regular ; but towards either extremity, 
it appeared inclined to stop, and seemed to be forced into vibra- 
tion by the power of the middle portion of the sheet Gauge 
4 ft. 9i in. 

April 14th, 1861, the vibrations had ceased entirely. Gauge 
6 ft. 8 inches. 

April 15th, the sheet of water was extremely smooth, without 
the Slightest sign of vibrations. Through the passage way in 
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the abatment on the east side of the river, the air flowed in a 
■trong and steady breeze without pulsations. There was a 
■light breeze from the northwest. Gauge 8 ft. 2f inches. 

April 16th, the sheet of water was tolerably smooth without 
the slightest appearance of periodical vibrations. Gauge 7 ft 
lOf inches. 

Thus it will be seen that when the gauge indicated 4 fl. 9^ 
inches, the vibrations were becoming irregular; and when the 
water rose to 6 fl. 8 in. the vibrations ceased entirely. As this 
rise of the water occurred in the night, it was impossible to de- 
termine the exact depth of water at which the vibrations ceased. 

The following table presents a summary of all my observa- 
tions at Holyoke. 

Prof, Loomia' observations at Holyoke. 



Date. 



lS59,Aug.l6 

1S61, July 80 

•• July 81 

1S60, Ju^ 10 

•• Ju^ 9 

« July » 

- July 8 

- July 8 



Depth of 


No. of vi- 
bnitioM 


Temper* 


water 




ataffeof 


by ffaufe. 


per 
minute. 


water. 


Oiaches. 







14 " 


267-0 


78i« 


14i - 


266*6 




16 - 


964*9 


78 


17 " 


249*2 




18 •• 


266*0 




28 - 


184*4 




26 " 


184*8 





Date. 



1860. July 7 

1861, Apr. 10 
" Apr. 11 
" Apr. 12 
•* Apr. 12 
•• Apr. 18 
« Apr. 18 
•• Apr. 14 



Depth of 

water 
by (auge. 



28iDch6ft. 
47 " 

m 

60) 

64 

80 



« 
« 

« 
« 



No. of vi- 
brations 

per 
minute. 



186*4 
81*6 
81*2 
80*8 
80-9 
800 
78*6 




Temper- 
ature of 
water. 



48i<> 
48 



48 



Mr. Joseph P. Buckland, a graduate of Yale College, who 
resides at Holyoke, has at my request made a series of observa- 
tions, of which the following is a summary. 



Date. 


Depth by guuge. 


VibratioDa per 
minute. 


Date. 


Depth by gauf e. 


Vlbrationa per 
minute. 


1862 


ft in. 




1862 


ft 


in. 




Sept 22 


1 10} 


808 nearly. 


Sept 10 


2 


H 


128 


" 21 


1 ici 


288 or 290 


6 


2 


6 


188 


<i 9 


I m 


296 or 298 


" 4 


2 


7 


128 


Aug. 81 


2 


280 


" 6 


2 


n 


184 


Sept 1 


2 


280 


" 6 


2 


n 


188 


<i 9 


2 i 


292 


« 2 


2 


4 


188 


" 8 


2 2[ 


278 


8 


2 


m 


180 



It will be perceived that my observations, for depths from 14 
to 18 inches, agree prettv well with Prof Snell's, as stated on page 
366; but Mr. Buckland diflfers materially from both of us. No 
one, without trying it, can properly appreciate the diflSculty of 
estimating the number of these vibrations when they exceed 
four per second ; and I am of opinion that Mr. Buckland has 
estimated the velocities for depths from 22 to 26 inches, con* 
tiderably too great. For depths a little greater than two feet, 
we all agree reasonably well. 

It must be considered as sufficiently established by these ob- 
servations, that the sheet of water at Holyoke ex.\ii\A\A \XiT^^ 
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different rates of vibration, viz., about 256, 136, and 81 vibra- 
tions per minute, corresponding to depths of 16, 28 and 66 
inches of water on the dam. The change from the first to the 
second rate of vibration, takes place when the depth of water is 
from 28 to 26 inches ; and the change from the second rate to 
the third, takes place when the depth is from 35 to 47 inches. 
The vibrations are not noticed when the depth of water is less 
than about 12 inches, and they also disappear when the depth 
is as great as 80 inches. 

Moreover, for either of these modes of vibration, the num- 
ber of vibrations per minute is not absolutely constant On 
account of the discrepancies in the observations, this proposition 
may not be considered as fully established for the two more 
rapid modes of vibration ; but for the slower mode of vibration 
the proof is unequivocal. The observations from April 10th to 
13th, 1861, were very numerous, and were made with great 
care, and the vibrations were so slow that they could be counted 
with almost as great precision as those of an ordinary seconds* 
pendulum. The number of vibrations per minute dimishes as 
the depth of water increases from 47 to 57 inches. This effect 
is of the same kind as that observed at South Natick, but the 
quantity of the eflfect is much less. 

In order to reduce, as far as possible, the influence of the errors 
of observation, and to diminish the labor of calculation, I have 
divided ray observations into four groups, and taken the average 
of the depths of water, as well as or the times of vibration. 
The first group includes the observed depths less than 20 
inches; group second includes the observed depths from 20 to 
40 inches; group third, the depths from 40 to 51 inches; and 
group fourth, the depths from 51 to 60 inches. The results are 
as follows: 



Depth of water 
by RHUge. 


No. of vibrntions 
per minute. 


Temperature 
of ihe water. 


Observed time of 
one ribraiiot- 


16-90 ioches. 
2538 " 
48-76 *• 
6433 « 


264-74 

134-87 

81-20 

79-83 


73«> 
78 
48 
48 


0S286 
-446 
•789 
•762 



It is evident, from the motion of the air through the passage 
way in the abutment at the east end of the dam, that the air 
behind the sheet of water vibrates simultaneously with the sheet 
Is it possible to explain the preceding observations on the sup- 
position that the time of one vibration depends simply upon 
this column of air? The column of air behind the sneet of 
water is 1017 feet long; its height April 12, 1861, was about 28 
feet, and its average thickness was perhaps 8 feet. The tem- 
perature of the air behind the sheet is assumed to have been 
that of the water, viz: 43**. The velocity of sound at this tern- 
perainrt is 1008 feet per second. 
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A column of air 1017 feet long, and having a yerj small 
diameter, would make one vibration in (775^= )0**926, Accord- 
ing to ezperiroents with organ pipes, the length of the column 
in this formula should, be increased ,by some function of the 
breadth, generally about twice its brtedth. If we increase the 
length of the column of air by the sum of the height and thick- 
ness, we shall have for the computed time of one vibration 

f r^gr=j0»'959. Either of these quantities exceeds the time ac- 
tually observed, by about one-fourth of the latter quantity. 

It appears, from experiments with organ pipes of different 
forms and with different embouchures, that tne time of one 
vibration varies considerably according to the mode in which 
the impulse is communicatedi to the column of air ; but I do not 
know of any established principle which will explain how a 
column of air, having the dimensions of that at Holyoke, should 
make one vibration in three-fourths of a second, whether it 
vibrates as one mass, or as two separate portions. The change 
in the number of vibrations, when the depth of water increases 
from 48 to 64 inches, indicates that the time of one vibration 
does not depend solely upon the dimensions of the column of 
air ; and this motion has the appearance of a constrained vibra- 
tion, depending upon two causes which separately would pro- 
duce vibration in unequal times. I have therefore computed 
the time of one vibration, first upon the supposition that tne air 
is the only vibrating body, and secondly upon the supposition 
that the vibrations originate in the sheet of water, according to 
the law indicated by the observations at South Natick. 



Depth bj 


Depth on 


Observed time 


Vibration of air 


Time of falling 


gouge. 


crest «- D. 


of vibration. 


computed. 


through D. 


is-^o 


18*12 


0«*236 


0S282 


0«-26l 


26^88 


20^90 


•446 


•465 


•829 


48^76 


40-68 


•789 


•959 


•459 


54*83 


46*28 


•762 


•969 


*484 



In the preceding table, column I shows the depth of water in 
inches according to the gauge ; column 11 shows the depth on 
the crest of the dam, determined according to the principles ex- 
plained on page 856 ; column iii shows the observed time of one 
vibration; column iv shows the time of one vibration of a 
column of air 1017 feet long, computed in the manner explained 
above ; the air in the first case being supposed to be aivided 
into four vibrating portions, and in the second case into two 
portions; and column v shows the time in which a heavy body 
would fall through the spaces given in column 11. 

It will be noticed that the observed time of vibration in each 
case falls between the times computed by these two methods* 
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Observations at Lawrence^ Mass. 

The dam at Lawrence is 900 feet long, and has an avenge 
height of 84 feet. It is in the form of an arc of a circle whose 
radius is 7483 feet ; and the versed sine of the arc is therefore 
nearly 14 feet. It is bi^lt of hewn stone, consisting of laige 
blocks, accurately fitted to each other. 

Sixty -five feet from the south side of the river, is a fish way 
SO feet wide, which eflFectually divides the falling sheet of water, 
cutting off 95 feet of the dam. The portion of the sheet of 
water which is entirely free, cannot exceed 806 feet in length. 

Stout bars of iron about three feet long, are inserted in holes 
drilled in the top stones, at intervals of 8 or 4 feet, and these 
Hupport a row of planks called flash boards, which raise the 
water 18 inches higher than the stone work of the dam. These 
planks are put up in June, and remain until they are carried off 
oy the spring or winter freshets. Until these planks are carried 
away, the vibrations are never noticed. 

I have obtained the cooperation of an excellent observer at 
Jjawrence, viz : Mr. Benjamin Coolidge, engineer of the Essex 
Manufacturing Company, who has watched the dam for several 
years, and has made careful observations at my request The 
following is a summary of his results: 

In the spring of 1860, there was no freshet, and no vibrations 
were noticed upon the sheet of water. 

In the spring of 1861, the vibrations were observed as follows: 
March 5th. 100 vibrations in 87J seconds. Depth of water 
8-63 feet. 

March 11th. 100 vibrations in 37^ seconds. Depth of water 
8-41 feet 

April 1st. 100 vibrations in 87^ seconds. Depth of water 
8-12 feet 

The flash boards were on the north end of the dam, for about 
60 feet ; thence for 40 feet mostly gone. At the south end of 
the 40 feet, the vibrations began and continued to the fish weir, 
which gives about 700 feet of vibrating fall. The vibrations 
made a distinct noise that could be heard pulsating above the 
roar of the fall. 

April 16th. 100 vibrations in 51 seconds. The depth of 
water on the edge of the crest-stone was 5 feet Perhaps there 
were some 50 feet more of vibrating over-fall than on the Ist 
of April. 

April 20th. 160 vibrations per minute. Water on the crest- 
stone 8-08 feet Temperature of water 44° F. Temperature of 
air 46°. As near as I could judge, the length of the vibrating 
sheet was very nearly 780 feet, and very much the strongest in 
the middle of the sheet The rush of air at the north end of 
the sheet (the only one open to observation) was very strongs 
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and followed the vibration of the sheet, but with a continuous 
inward draft. 

In the spring of 1862, the following observations were made. 

April 18. 162 vibrations per minute. Depth of water 5 feet. 
Thermometer 44^. These viorations were for 200 feet at north 
end of dam, alternating with vibrations in middle of dam. 

April 19. 134^ vibrations per minute. Depth of water 6 
feet Therm. 42**. 

April 21. 1S6 vibrations per minute. 
Therm. 42^ 

April 26. 156^ vibrations per minute. 
feet. Therm. 43^. 

May 6. 150 vibrations per minute. 
feet Therm. 49^. 

May 6. 154 vibrations per minute. 
feet. Therm. 50 deg. 

April 18, 1868, Mr. Coolidge observed the number of vibra- 
tions to be 122 per minute, and the depth of water 5^ feet 
measured on the crest of the dam. 

The following table presents a summary of 

Mr. Ooolidge's observations at Lawrence^ Mass, 



Depth of water 5 feet 

Depth of water 8-18 

Depth of water 8-26 

Depth of water 2-95 



Date. 


Depth of 
water. 


Obeenred time of 
one vibration. 


Date. 


Depth of 
water. 


Obeerved time of 
one vibration 


1862, May 6 

1861, April 20 

- April 1 

1862, April 26 

- May 6 
1861, March 11 


296 feet. 
808 « 
812 " 
8-18 " 
8-26 " 
8-41 « 


0--890 
•876 
•872 
•888 
•400 
•876 


1861, March 6 
** April 16 

1862, AprU 18 
** April 19 
" April 21 

1868, April 18 


8-68 feet. 
600 " 
6-00 « 
6-00 •* 
600 « 
6-60 « 


0«-876 
•610 
•870 
•446 
•441 
•492 



The first seven of these observations agree with eaeh other 
about as well as such observations usually do. The mean of 
these seven observations gives a depth of 8*23 feet, and the 
corresponding time of vibration is 0"-381. 

The observations of April 16, 1861, and April 18, 1862, differ 
very widely. I can only ascribe the discordance to the effect 
of flash boards which had not been carried away, and which 
created openings in the descending sheet of water. I have there- 
fore thought best to take the mean of the last five observations, 
which gives the time of one vibration 0"'452, corresponding to 
a depth of 510 feet. 

I visited Lawrence in August, 1859, and again in August, 
1861, but the depth of water at these times was not suflicient to 
produce vibration. In April, 1863, I bad the good fortune to 
witness the vibrations with considerable force. I found it very 
difficult to count the number of vibrations satisfactorily. For a 
few seconds, the pulsations would be very marked, and then they 
would often become so faint as to be noticed with difficulty, so 
that it was generally impossible to follow them. Cot ^m. ^\i\xi^ 
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minute very satisfactorily. The descending sheet of water 
very unevea, being marked by numerous ridges, probably caused 
by the flash boards having been only partially carried away. I 
spent two days in almost constant attempts to count the vihni- 
tions, and my result was an average of 148*68 vibrations per 
minute, corresponding to a depth of 4*41 feet water by the 
gauge. If we reduce this depth according to the rule determined 
at Holyoke, it would give a depth of 8*68 feet on the crest di 
the dam ; but according to Mr. Goolidge's measurements, it 
would indicate a depth of exactly 8 feet on the crest of the dam. 

Comparing all these observations, they seem to favor the con* 
elusion that the time of one vibration increases as the depth d. 
water on the dam increases ; but the discrepancies are so great 
that even this conclusion might be called in question, if it were 
not confirmed by the observations at South Natick. If we take 
an indiscriminate mean of all the observations, we find the 
average time of one vibration to be 0**409| corresponding to a 
depth of water on the crest of the dam amounting to 4 feet, and 
a temperature of the water 44^. 

A column of air 805 feet in length, 30 feet high, and 7 feet 
wide, according to the principles stated on page 859, would make 
one vibration in 0"*766 ; or if it vibratedi in two portions, the 
time would be 0«'883. A heavy body would fall through a 
space of 4 feet in 0**499. The observed time is intermediate 
between the times computed by these two methods. 

It seems impossible to explam all the preceding observations 
upon the supposition that the air behind the sheet of water is 
the sole vibrating body, following the laws which have been 
established in the case of organ pipes. The observations at 
South Natick naturally suggest tne idea that the vibrations 
originate in the sheet of water itself; the time of one vibration 
being nearly proportional to the square root of the depth of 
water on the aam. 

Is tfiere any known principle which will enable tia to exphin 
vibrations of this description ? 

It has been suggested that such vibrations may originate in the 
unequal velocity of the upper and lower strata of the sheet of wa- 
ter which pours over the dam. If there were no friction, the lower 
stratum should have a velocity equal to that which a heavy 
body would acquire in falling through a space equal to the height 
of the water above the dam. The upper stratum has only the 
velocity of the stream, combined with that which is imparted by 
the motion of the lower stratum. The lower stratum (if it coald 
move independently) would describe a parabolic path, which 
could be computed from the depth of water on the dam. But 
the upper stratum acts as a load, forcing the lower stratum to 
describe a path more nearly vertical. The descending sheet d 
water is therefore in a condition of equilibrium, resulting fitmi 
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the superior momentum of the under part of the sheet, balanced 
by the weight of the upper part Suppose now that from any 
external cause (for example a pujGT of air) the sheet is forced 
back beyond the position of equilibrium, the instant this force 
ceases to act, the momentum of the under part of the sheet 
forces the entire mass forward, and its inertia carries it beyond 
the position of equilibrium. The weight of the upper part of 
the sheet forces it again backward ; and thus it has been sup- 
posed there might result a series of vibratory movements. 

It seems difficult, however, upon this theory, to account for 
the nearly isochronous, long continued and powerful vibrations 
irbich we actually observe. 

It has been suggested that this vibratory motion originates in 
the column of air behind the sheet of water, while the water 
Berves merely as a load, to retard the velocity of these vibrations. 
The column of air behind the sheet of water at South Natick, is 
of such dimensions that it should make one vibration in about 
one-tenth of a second. When the depth of water is 5 inches, 
the observed time of vibration is 0"-038 greater than the com- 
puted time of an air vibration ; but with a depth of 10 inches 
the observed time is 0**114 greater than the computed time. 

When an elastic string is loaded, the time of one vibration 
varies as the square root of the load. At South Natick, when 
the depth of water increases from 5 to 10 inches, the increase 
in the time of a vibration seems to be even more rapid than the 
increase in the depth of water. 

At Holyoke, wnen the depth of water is 45 inches (if we sup- 
pose the air to vibrate as one mass) the observed time of vibra- 
tion is less than the computed time for a column of air without 
any load, which appears impossible according to this theory. If 
we suppose the column of air to be divided into two vibrating 
s^ments, the time of an air vibration is 0**480, while the ob- 
served time is 0**272 greater than this. 

When the depth of water is 40 inches, the observed time is 
0*'269 greater than that of an air vibration. 

When the depth of water is 21 inches, (if we suppose there 
are only two vibrating segments), the time of an air vibration is 
0»-465, while the observed time is a little less than this; which 
seems impossible upon the present theory. If we suppose there 
are three vibrating segments, the time of an air vibration is 
0**310; while the observed time is 0**136 greater than this. 

When the depth of water is 13 inches, (if we suppose there 
are four vibrating segments) the computed time of an air vibra- 
tion, is 0**232, while the observed time is only 0*'004 greater 
than this. If we suppose five vibrating segments, the time of 
an air vibration is 0**186, while the observed time is 0**050 
greater than this. If we suppose six vibrating segments, the 
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observed time is 0"081 greater than the computed time of an 
air vibration. 

At Lawrence, (if we suppose there are only two vibratiiig 
segments,) the time of an air vibration is 0«'888, while the of 
served time exceeds this by only 0«'026. . If we suppose there 
are three vibrating segments, the time of an air vibration is 
0*'255, and the observed time exceeds this by 0«'154. If we 
suppose there are four vibrating segments, the observed time is 
0'*218 greater than the computed time of an air vibration. If 
we suppose there are six vibrating segments, the observed time 
is 0«*281 greater than the computed time of an air vibration. 

If now we compare the results obtained at these three locali- 
ties, we shall find that we may make such a supposition with 
regard to the number of vibrating segments into which the 
column of air divides itself, that the apparent retarding effect rf 
the water shall be nearly proportional to the thickness of the 
sheet The following table presents a summary of these results. 



Depth of 
water — D. 



South NMickjifii^^l":?"*' 



Holjoke 



Lawrence 



S 



ri8l2 
20-90 
40-68 
45-28 
4800 

] 4800 



« 

u 
II 

M 
II 
II 



Obeenred 

time of one 

▼ibration. 



0«-188 
0-2U 
286 
446 
789 
762 
409 











-409 



Number of 
▼ibrAtioff 
sefmentt 
vnppoeed. 



I 
1 
6 
8 
2 
2 
4 
6 



Computed 

time of an 

air Tibratkm. 



0«-100 
0-100 
•166 
'810 
-480 
-480 
-191 
•128 












RatardatioB 
prodnMd hj 
water ^R. 



0"^88 
0-lU 
0-OSl 
186 
0-269 
0-272 
0-218 
0-281 



R 
D 



•0076 
-0114 
D062 
•0064 
-0064 
-0060 
-0046 
-0069 



Column fourth shows the computed time of an air vibration, 
when the number of vibrating segments is assumed as in col- 
umn third; column fifth shows the difference between the num- 
bers in columns second and fourth, being the retarding eSdci of 
the sheet of water according to the theory under examination; 
and column sixth shows tne quotients obtained by dividing 
the numbers in column fifth, by the numbers in column first 
These quotients, with one exception, are nearly constant^ indi- 
cating tnat the retarding effect of the sheet of water is nearly 
proportional to its thickness. The exception to this general 
rule which occurs at South Natick, may perhaps be ascribed to 
the small height of the fall, in consequence of which, especially 
when the water is high, the descending sheet acquires somewhat 
of the rigidity of a solid body. 

The number of vibrating segments of the column of air, is the 
principal unknown quantity which renders our conclusions so 
very uncertain. I do not know of any theory which will enable 
us to compute the precise influence of a sheet of water of given 
dimensions ; but at present, it seems probable that the vibratory 
motion originates in the column of air behind the sheet of water, 



E. Loomis on vibrating WaJUr^falU. 365 

and that the descending sheet serves merely as a load, to retard 
the velocity of these vibrations. 

This theory will be fully established or disproved, when we 
are able to compute the effect produced upon the vibrations of 
a column of air, by a descending sheet of water of given dimen- 
sions. 

Why care not these vtbraUana noticed wherever water pours over 
a damf 

It is believed that most water-falls exhibit some degree of 
vibratory motion at certain stages of water ; but in order that 
these vibrations may be powerful and long-continued, the edge 
of the dam must 6e horizontal, and quite smooth ; otherwise 
the thickness of the descending sheet will not be uniform ; and 
the sheet will swell into ridges in some places, while other parts 
become thin. The sheet will divide in some places before 
leaching the bottom of the fall, and this leaves an opening in 
the enclosure which contains the column of vibrating air. 

This is probably the reason why many water-falls never ex- 
hibit this phenomenon in a palpable manner ; and why in only a 
lew cases is the vibration so powerful as to cause any annoyance. 

Why is a particular height of water requisite to produce tliese 
vtbrationst 

The descending sheet of water must have a thickness of several 
inches; otherwise it is divided by the action of the air, and 
the column of air ceases to be enclosed on all sides. With a fall 
of nine feet, as at South Natick, a thickness of 4 or 6 inches is 
requisite ; and with a fall of 80 feet, as at Holyoke, a thickness 
of nearly a foot is requisite. At Lawrence, with a fall of 84 feet, 
the vibrations are not noticed when the depth of water is much 
less than 8 feet; but this seems to be owing to the inequalities 
on the top of the dam, resulting from the iron bars being bent 
over by the spring freshets, and confining some of the flash 
boards to the top of the dam. 

The vibrations cease almost entirely when the water exceeds 
a certain height, because the thickness of the sheet becomes too 
great in comparison with its height, and there being some cohe- 
sion between the particles of the liquid, the sheet partakes some- 
what of the rigidity of a solid body. In order to produce a 
strong effect, the thickness of the sheet must *not exceed about 
one-sixth or one-eighth of the height of the fall. At South 
Natick, with a fall of 9 feet, which is somewhat diminished by 
the back water at the time of a freshet, the vibrations cease when 
the depth of water much exceeds ten inches. At Holyoke, with 
a fall of 80 feet, which is also diminished by the back water at 
the time of a freshet, the vibrations cease when the depth of 
water much exceeds 5 feet. At Lawrence also, where the fall 
is a little greater than at Holyoke, the vibrations cease when the 
depth of water on the crest of the dam much ex^ceeda ^ln^ fe^x.. 
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Art. XXXL— On the Bocks of the Quebec Group at Ihint LUk, 
(being a letter to Mr. Joachim Barrande of France, fim 
Sir William E. Logan, Canadian Geological Survey.)' 

Mooireal, 16th MarIi. IMl 

My Dear Mr. Barrande, — Mr, Juke Mareou has addreaed 
to you a letter dated the 2d August, 1862, on the Taconic rcxila 
of Vermont and Canada, in which he says, on page 10, "I wii 
able this year to follow out and trace every bed and layer ot 
the whole contour of Point L^vis, from the Grand Trunk Te^ 
minus to Indian Cove ; and as Point L^vis is a point of land siu- 
rounded by high cliffs, I feel satisfied that there is no repetitioB 
of beds, and no synclinal axis; and that the few foldings of the 
strata at Ferry's cliff are mere accident, confined to a distaDoeof 
a few feet, and are without any effect upon the whole mass d 
strata, but are what we call in French structure ployie (contorted 
strata)," On page 14 he says: '* Fearing that my first unsacoeai- 
ful attempt last year to understand the explanation of Mesni 
Logan and Billings might be my own fault, I tried very hud 
this year again, when at Point Levis, but with no better succeai, 
and I left the point, fully convinced that the fossils described by 
Mr. Billings, and the so-called outcrops, A',A',A*, &e. of Mr. 
Logan, were collected and observed in a very careless way, with- 
out regard to stratigraphy, by irresponsible collectors, or by 
unskillful practical geologists." 

I have neither time nor inclination for controversial geology. 
I have never criticised any of Mr. Marcou's remarks on rocks 
in Canada, or out of it, nor have I suggested any such criticisms 
to others ; but a charge of carelessness on the part of public of- 
ficers in the discharge of their duties appears to me, on the pre- 
sent occasion, to require a few words or reply, lest you and oth- 
ers might suppose the accusation to have some foundation. It is 
due to Mr. Mareou to give him credit for the very great care he 
claims, as I am persuaded he would not have ventured so unre- 
servedly and condemnatory a contradiction of what has been 
stated on the part of the Survey, without having exhausted all 
his skill on his own investigation. The only critical remark 
therefore left me to make, is that this distinguished stratigraphist 
has been very unfortunate ; and that having missed the main 
feature of the conspicuously marked istructure he so carefully 
searched for, it is not surprising that he should find a difficulty 
in understanding a statement connected with it. 

In 1854 and 1856, a considerable time was expended by Mr. 
Bichardson, one of my assistants, and myself, in ascertaining by 

' Commuoicated to Urn Joiu-nal by Sir Wm. £. Loqam. 
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iremeat the position and extent of all the exposures of the 
tone conglomerates which characterize Point L^is. The 
. of this work was exhibited by me to Mr. Marcon, at the 
of the Survey, in 1861, on an unpublished tnannscript map, 
icale of aixinches to one mile, showing nearly all the known 
inres of rocks of the Quebec group for about twenty milea 
', twenty miles abore, and nearly twenty miles to the south- 
ard of Quebec. This map represents an area of 800 square 
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. on which all the exposures are laid down by admeasure- 
i, comprising the work of one member of the Survey for 
easons, and of another for one season. The measurements 
int L^vis I have recently re-protracted on the same scale^ 
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with a view of completely separating what is exposed to yiev, 
from what is inferred ; and a plan reduced from this to one hal( 
by photography, accompanies the present communication.* The 
topographical as well as the geological features are delineated 
from the measurements of the Survey. 

On this plan, the heavy black bands represent the known ex- 
posures of the limestone conglomerates ; the dotted lines between 
different exposures represent their supposed connection. Some 
of the geographical unaulations are shown by what I have desig* 
nated the Coast Bidge, and the North, Middle and South Bidges. 
The main feature of the Coast Bidge is a thick band of limestone 
conglomerate extending in a hill and precipice, which overlook 
the beach from Patten's wharf to the neighborhood of the Lowtf 
Ferry ; beyond which it gives place to the cliff immediately 
behind the houses near the Lower, Middle and Upper Ferriei 
The North Bidge is a hUl which rises up from, and runs parallel 
with, the road passing in front of the Temperance Monument or 
Cross; and attains its greatest height in a band of limestone-con- 
glomerate about 800 yards southeastward. The part of this 
ridge nearest the road probably constitutes Mr. Marcou's Crott 
Hill. The Middle Bidge, is, I presume, Mr. Marcou's Parochial 
Hill. It includes Quay's quarry, or the Bedoute, and crossing 
the St Joseph Church roaa (Boute de I'Eglise), extends for about 
a mile to the southwestward, with a somewhat broad depression 
southward from the Burying-ground. Where Mr. Marcou's Mid- 
dle Hill may be situated, I am not quite sure, but suppose it to 
be the upper part of my North Bidge, as the extension of this 
seems to be tne only hill between the Temperance Monument 
and Guay's quarry. The South Bidge crosses the St Joseph 
Church road about half a mile to the southeastward of the Mid- 
dle Bid^e. 

The limestone conglomerates, as you are probably aware, con- 
sist of beds of yellow- weathering magnesian limestone, in which, 
as a base, are embedded masses of pure compact limestone, oJf 
colors varying from yellowish- white, through grav and brownish, 
to nearly black. These masses are generally of a sub-spherical 
or sub-elliptical form, looking like boulders, and many of them 
may probaoly be such ; but beds of a limestone almost precisely 
similar to them in character appear occasionally to run in an ir- 
regular manner in the conglomerate bands, presenting the aspect 
of original sediments. The yellow-weathering matrix is often 
arenaceous, the white silicious grains sometimes attaining a quar- 
ter of an inch in diameter. The bands of conglomerate are 
separated from one another by greenish and blackish slates, 
which, in many places, are interstratifted with strong yellow- 

' The essential portioD of the map referred to is reproduced on the aooompioj' 
log WQodcat without chan^ of scale.— Em. 
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weatbering gray and black caloareo-magDesian slates, and occa- 
sionally with yellow-weathering sandstones. In a few places, red 
slates are intenningled with the others. 

Southeastward from the St. Lawrence, the limestone conglom- 
erates of Point L^vis are distributed over a breadth of more 
than two miles. In the North Ridge, there are four bands, num- 
bered 1, 2, S, 4, on the map; on which is represented, in addi- 
tion, a long lenticular bed (4*) subordinate to 4, but separated 
from it by slate. The lenticular bed is composed of brown- weath- 
ering magnesian limestone, but appears to contain few or no en- 
closed masses of the pure limestone. The bands 8 and 4 are, 
respectively, A* and A' of a former description. You will per- 
ceive that northeastwardly they converge a little ; and at the 
time of that description, it was not determined whether they 
were to be considered two distinct beds, or one a repetition of 
the other. They are now taken to be two distinct beds. 
Followed northeastwardly, they appear to be dislocated by 
a fault near the St. Joseph (Jhurch road; but beyond this 
they are easily traceable around the extremity of a trough, 
with a deep channel worn between them in the slate. After 
passing the axis of the synclinal, the band 4 comes to the lime- 
stone of Gnay's quarry, which is nothing more than a large len- 
ticular mass of pure limestone, subordinate to the band. South- 
westward of the quarry, both bands are seen again crossing the 
St. Joseph Church road, and again coming against the transverse 
fiiult. This fault appears to show an upthrow on its southwest 
side ; since on that side the opposite outcrops of the trough are 
thrown towards the centre. 

Continuing to trace the outcrops on the southern side of the 
trough, that of band 4 gradually thins, and disappears at P, in 
less than a furlong ; while that of the band 8 becomes more con- 
spicuous, and shows a great development as it folds over an 
anticlinal axis just eastward of the eastern boundary of the fief 
Ste. Anne. From this it returns towards the Church road, but 
becomes concealed about fifty yards before reaching it, after 
again showing the efiect of the fault, in a much smaller horizon- 
tal displacement than before. On the northeast side of the an- 
ticlinal axis, on both sides of the fault, the dip is to the southeast- 
ward, and is therefore overturned ; but from the character of 
the displacement, it is evident that beneath the surface, on the 
northeast side of the fault, the inversion must be compensated 
for by a change to the northwest in the slope. 

A little above the outcrop of band 4, at P, there occurs a 
layer of sandstone, which is traceable on the fief Ste. Anne over 
the anticlinal axis ; and a sandstone approaches the outcrop of 
band 8 at A'. In the description of lb60, this was supposed to 
show that possibly the stratigraphical place of the band 4 might 
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ffradually approach the band 8, and finally merge into it; Vol 
finding farther on, along the outcrops, an exposure of conglom- 
erate at Zj which will answer for band 4, it is now conceived 
that there may be two layers of sandstone, one above and the 
other below the stratigraphical place of hand 4; and though 
this band thins to nothing at P, it may commence again in its 
relative place f&rther on. 

From the neighborhood of the Temperance Monument, the 
outcrop of band 2 is traceable northeastward, running not quite 

SBirallei with 8, to the fault, and thence across the St. Joseph 
hurch road to the main road. It traverses this obliquely, a 
little beyond the church, and its turn upon the ^ndinaJ axis is 
seen on the north side of the road, about 400 yards beyond. In 
the limestone of Quay's quarry there is a small notch*like turn, 
which serves to augment somewhat its apparent volume ; a oo^ 
responding twist is more conspicuous in the outcrop of band 3, 
ana in band 2 it assumes a still further prominence at y. These 
successive forms indicate a plait in the stratification, commenciDg 
at the quarry, and rapidly augmenting northeastwardly in the 
space of 350 yards. The importance of its efiect on the dis- 
tribution of the strata woula, at this rate of increase, sooa 
become considerable, and it serves to show some of the compli- 
cations of the neighborhood. 

Without going into detail, it is evident from the map that the 
Middle Bidge is an anticlinal form, and that the South Ridge is 
another. On this, the exposures of the bands 2 and 8 conspica- 
ously mark the turn on the axis, as they do in the synclinal 
between the ridges. It will be perceived that, between the 
synclinal and anticlinal axes, the outcrop of band 2 is repre- 
sented as showing a very sharp twist. The evidence of this is 
not quite satisfactory, and the apparent arrangement may possi- 
bly be due only to a swelling in the volume of the band, with 
parts obscured by drift. 

The Temperance Monument stands on band 1, with which are 
associated some layers of sandstone. This band is easilv traced 
to the northeastward across the fief Ste. Anne ; but between 
that and the fault it becomes broken down and obscured, and it 
will require further investigation. Nothing like it, nor indeed 
any conglomerate band, has been yet observed following, in its 
relative place, the sinuosities of band 2, where the strata are 
afiected by the synclinals and anticlinals that have been de- 
scribed. Eastward of the fault and northward of band 2, there 
is an exposure of conglomerate close upon the southeast side of 
the main road ; the bearing of which would carry it under the 
church of St. Joseph, and two years ago it was observed in an 
excavation for the foundation of a house on the northwest side 
of the road, close by the church. In the strike of these expo- 
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, about 400 yards beyond the chxurch there is a band of 
omerate, which continues in the same strike for about a 
red yards. This strike would carry the band away fh>Qi 

of the North Bidge, and gradually bring it towards those 
e Coast Ridge, and it appears probable that the bands of 
[Toast Ridge may be only a repetition of some of those of 
>iorth Ridge. The main band of the Const Ridge is asso- 
l with several beds of sandstone ; and, from its ereat breadth, 
.y possibly be capable of division into more than one mass 
nglomerate. To the southwestward of the extreme point 
lich this band has been traced, there occurs in the cliff, to 
loutheast of the Lower Ferry, the band A ; one of those 
red to in the description of I860. Its exact relation to the 
* bands has not yet been satisfactorily determined, 
uthward of A* you will remark A*, and you will perceive 
these two bands somewhat converge to the southwest, in 
h direction they are not traceable for over a quarter of a 
At the time of the previous description, it was left unde- 
[ whether these were to be considered distinct bands, or a 
ition of one another. They are now assumed to be distinct. 
;he Middle Ridge, the band 4, at P, is followed by B* ; 
h is a band of slate with nodules of limestone. On the 
h Ridge, its place would be between A' and A*. It would 
fore be band 5, and A* would be band 6. The bands 7, 8, 
) succeed on the north side of the Middle Ridse, the band 
ng B' of the former description; like B\ it is composed 
ate studded with nodules of limestone. This band appears 
kve a considerable development south westwardly, in a*lonff 
ow trough-like form, extending to the Grand Cote road. 
1 this, its outcrop returns on the south side of the Middle 
;e anticlinal, and points to B' ; which however differs from 
character, having a base of magnesian limestone instead of 
What is seen of the band B^ is broken into three por- 

by transverse faults. It is evidently on the south side of 
Middle Ridge anticlinal, and may correspond with band 8, 
;his has not yet been satisfactorily made out ; nor has it yet 

found possible to arrange the complicated exposures to the 
least of it, on the South Ridge. 

1 the southwest boundary of the fief Ste. Anne, near the 
ry there indicated, the beds appear to be dislocated on the 
1 side of the Middle Ridge anticlinal; by faults, which do 
iffect the outcrops on the south side. These faults may be 
I breaks accompanying twists in the strata, the connecting 
I of which may be concealed by drift ; but it would require 
tional facts to make their arrangements certain. Though 
lumber of bands is assumed to be nine, some of them may 
^petitions through the effect of plaits suddenly starting up, 
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like that at y, or through undetected &ult8 ranning with the 
stratification. The distribution of the outcrops in the southwcit 
part of the South Ridge shows the very complicated character 
of the disturbances, and is a warning against over-confidenee 
in respect to minute details. In regutl to the main features of 
the structure however, there appears to be no doubt ; namelj, 
that the Middle and South Ridges are two well marked antiea- 
nalsi and that a synclinal, not less so, runs between the Middb 
and North Ridges, repeating the whole mass of strata. 

From the foregoing explanations, you will be able to under 
stand how the fossils enumerated in the description of 1860 an 
related to the conglomerate bands, as represented on the map. 
The whole of these fossils were collected by the officers of toe 
Survey, who are all perfectly aware of the importance of ob- 
serviuK the exact stratigraphical place of the organic remaiiifl; 
and always most carefully do so. The collectors were Meesra 
Billings, Richardson, Bell, and myself; and, from the statementi 
made to me by my colleagues and assistants, I am quite pre- 
pared to assert that the specimens referred to B*, B', d', 
A, A*, and A', are from the bands marked on the map by those 
letters. With the exception of a single specimen of the 
pygidium of Baihvurus Saffordiy obtained by Mr. T. Sterry Hont 
m>m the band 4 (A'), where it crosses the more northern srn- 
clinal axis near the Redoute, the band A' afibrded to my hte 
regretted and talented young scientific friend, Mr. John Head, 
and myself, the first collection of fossils obtained by the Sarrej 
at Point Ldvis. These were taken from the whitish limestone 
masses associated with the bed, where it crosses the fief Ste. 
Anne, and the opinion in regard to them expressed by Mr. Bil- 
lings induced me to instruct Mr. Bell to make a further collec- 
tion on the same band. In addition to the fossils collected by 
Mr. Head and myself from the band, there are sqme by Mr. 
Richardson, and others by Mr. Bell, all from the fixed rock ; 
but in Mr. Bell's collection there are, in addition, those from the 
limestones designated by Mr. Billings as Nos. 1 and 8. These 
limestones were not, like the rest, firmly attached to the band, 
and as they haye been by Mr. Marcou designated as two loose 
boulders, lying on the superficial soil, while he carries them 
away from their true site, and approximates their position to the 
lime-kiln of the Redoute, in oraer to afiiliate them to that mass, 
it will be necessary for me to describe their mode of occurrenoa 
On the fief Ste. Anne, the band 3 (A') dips to the southeast 
at a high angle. It is from about twenty to twenty-five feet 
thick, and in its calcareo-magnesian base it holds a great many 
masses of yellowish-white limestone, in which fossils are appa- 
rent and somewhat abundant. It is underlaid by slates ; and in 
some parts a sudden step to the underlying slates occurs at its 
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nortbern edge. At the fix>t of this step, Mr. Bell observed in 
one place a mass of ^y-weathering yellowish-white limestone 
protrading for a few inches through the soil. This mass, when 
excavated from its position, proved to be about a foot in diame- 
ter, and very fossiliferous. Persuaded that it had fallen from 
the conglomerate band, he tried farther on in the strike and 
found another; and, finally, in the distance of about fifty feet 
alon^ the strike, he obtainea five masses, each as heavy as would 
require a strong man to lift, and twelve smaller masses, each of 
about twenty pounds weight and upwards. They were all rich 
in fossils. Some of these gave to Mr. Billings his limestone No. 
1, and others that of No. S. All of these masses, some of which 
were sharply angular, rested on the slate, just at the base of the 
conglomerate band ; and, with the exception of the small por- 
tion of the first one, were wholly covered by the soil, one of 
them to the thickness of a foot, requiring, before it could be 
extracted by aid of pick, shovel, and crow-bar, a hole to be 
made of two feet deep. It appears to me much more probable 
that these masses should have fallen from the conglomerate band 
which they touched, than that they should have been trans- 
ported nearly half a mile from the Bedoute, and all laid at the 
foot of the conglomerate band A', in a row in its strike. It is 
by no means supposed that the stock of these masses was 
exhausted by Mr. Bell ; more may probably be obtained in the 
strike, and I am persuaded that, if the adjacent parts of the con- 
glomerate band were laid bare, similar masses would be found 
imbedded in it. 

Mr. Marcou states that the limestones Nos. 1 and 3 without 
doubt come from the Bedoute; and that in respect to No. 1, so 
rich in trilobites, he could almost point out the exact spot from 
which it came. Soon afker the first discovery of fossils at Point 
L^vis, I spent a good deal of time in endeavoring to obtain 
specimens from Guay's quarry, but with very indifferent success. 
Fragments of trilobites were observed, but the only recognizable 
species obtained was Menocephalus gkboaxis. Perceiving that Mr. 
Marcou had been so fortunate as to meet with upwards of nine 
species of trilobites in the locality, I last season renewed my 
attempt; and, with Mr. Billings, made a diligent search of the 
rock, out with no better luck than had attended my previous 
researches — Menocephalus ghbosus being again the only species 
procured. Mr. Marcou states that the stratification is indistinct, 
and that in consequence of the hardness of the stone, it is diffi- 
cult to obtain specimens. This perfectly accords with what 
we observed; but not with the characters of the limestones 
Nos. 1 and 8 ; which are not very hard, and in which the fossils 
occur in layers, marking well the stratification. The limestones 
split with moderate facility in the direction of those layers, and 



874 W. E. Logan on the Rocks of the Qfnebec Group. 

give considerable planes of surface, with fiossils starting promi- 
neojbly up from them. I presume, therefore, that the beds at the 
Bedoute, with which Mr. Marcou compares the limestones Na 1 
and 8, are some which he has not yet described, and with 
which we can make no comparison, as we have not been so 
fortunate as to find them. 

Since 1860, Mr. Devine and Mr. Cayley^ both of the CSrown 
Lands Department, have obtained several species at Point L^via 
The latter gentleman discovered Amphum CayUyi (Billings) in 
band 8 (A*), on the North Bidge ; and Mr. Devine, on the same 
ridge, has procured Bathyurue Saffordi from band 2, Menocephabtt 
gJoboeus, and Cheirurus Eryx from band 8 (A') ; and from band 
4 (A*) BcUhyurus Saffordi B. Cordai^ and K biiubercuhtus. But 
from this band he has made a very important addition to the 
&una of Point L^vis, in a perfect specimen of what Mr. Billings 
agrees with him in considering an OienuSy or of a closely allied 
genus. This was obtained on the North Bidge, just east of the 
fief Ste. Anne, in a mass of drab-colored limestone^ which Mr. 
Devine thinks is a part of the solid band, althoud^ he has not 
yet tested the matter sufficiently to be positive. The same part 
of this band here holds Obolella^ Orthia Etmdne^ CamereUa Cfak^km^ 
Pleuroiomari(k, Ecculiomphalvs Canadensis^ Orihoceras^ Agnostsi 
Americanus, A. OunadensiSj A. Orion^ ArioneUus siUKlavtUuSj Ba^ 
thynrus capax, B. quadratus^ B. Saffordi^ Cheirurus Eryx^ C AftlOo^ 
DUcelocephalus magnijums^ D. megalops^ D, planijronsy D. Otoenii 
MenocepluiUis Stdgwickii, and M. Salteru In this collection, the 
species of Pleurotomwria^ Ecculiomphalue^ and Cheirurus do not 
occur in the same hand-specimens of rock with the others. 
Bathyurus Saffordi is in the same specimen with Menoeephabts 
SalteH. On the Middle Bidge, he has obtained Menocephaba 
globosxjLs from band 4, at the Bedoute. Mr. Billings has obtained 
in band 2, on the North Bidge, Bathyurus quadratus ; on the 
Middle Bidge, in band 6, on tlie north side of the anticlinal, 
LepUzna decipiens ; and the same species in band 7, on the same 
side of the anticlinal ; while band 7, on the south side of the 
anticlinal, has yielded him a Pkurotomartaj allied to P. Lavren- 

tiana, Orthoceras, n. s^ lUcenus , and Asaphus . In 

a band of conglomerate forming two successive mounds at the 
water's edge, northwest of the Uoast Bidge and running parallel 
with it, be has met at D with a new species o{ Dikdoc^phalus, 

To make the distribution of the fossils, which we in Canada 
(including Mr. Devine and Mr. Cayley) have obtained at Point 
L^vis, more clearly understood, a catalogue of them has been 
prepared, with the specific names of those which have been 
described and a separate column for each of the bands, and 
made a part of the present communication. In this catalogue, no 
certain stratigraphical place is assigned to the bands D, G, and A, 
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latioD to the others — which, from 1 to 9, are supposed to be 
jcending order. With the exception of those otherwise 
ced, all the determined spe^es have been desoiibed bj Mr. 
nga. 

r. Marcou, it appears to me, has gone somewhat out of bis 
to insinuate a discourtesy towards you on the part of the 
idian Surrey, in that we have, as he says, distributed fossils 
le Qnebec group in England to more favored geologists 
yourself. Mr. Marcou oould not have stated this ftt>m his 
knowledge, as it is not oonsistent with fact The truth of 
matter is precisely the reverse of this. We long ago did 
ilves the pleasure of transmitting to you a small collection 
le principal species ; while we have presented none to any 
r of our geological friends in Europe. On this side of the 
ntic, we have exchanged a few specimens with Col. Jewett, 
.e New York State Museum, for New York species, of which 
tood greatly in want; and we are just now about to make a 
1 exchange with Mr. A. H. Worthen, State-geologist of 
oi», for species from several of the Western States, of which 
Bve long been anxious to possess authentic specimens. Mr. 
X)u seetns especially aggrieved that he did not obtain a 
dinm of Bikelocepkaltia tnagnifictu, asked for, as he states, in 
' name. This was during my absence in England at the 
raational Exhibition. Mr. Billings cannot call to his recol- 
3n that the application was made in your name. Such an 
ication would nave afforded him the opportunity of inform- 
Mr. Marcou that you were probably already supplied in 
x>llection sent; but it would not have altered the propriety 
-hat, in conformity with his duty, he found himself under 
lecessity of replying ; namely, that he vaa not authorized to 
ibute the specimens of the Provincial Collection. 
I am, my dear Mr. Barrande, yours very truly, 

W. E. Logan. 

JoACHUi BiKkiRDic, Rue Meii^ No. 6, PktU. 
aloffue of Foinls from the Quebte Group, eollected at Point Livit. 
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Art. XXXII. — Chauvtnets Mantial of SfJierical and Pracikd 

Astronomy.^ 

[Sbconb Notiob.] 

The publication of this work opens a new era for the student 
of astronomical science. Henceforth, the study of spherical and 

Practical astronomy is a very different thing from what it has 
een with all the aids previously existing in the English, French 
and German languages. That these assertions may not seem 
exaggerated, we propose to give a somewhat detailed account of 
those parts of the work which are original with the author, and 
which we think of sufficient importance to establish the truth 
of our assertions. 

Chapter I, on Spherical and Rectangular Coordinates, initiates 
the student into the method of applymg spherical trigonometry 
to astronomical problems, in the most general manner. The 
expressions for the rectangular coordinates of a point in space, 
in terms of the distance of the point from the origin and oi the 
spherical coordinates, are deduced in a new and extremely sim- 
ple way. 

Chapter II, on Time and the use of the Ephemeris, \a 
unusually complete on various minor points which are apt to 
embarrass beginners — such as the conversion of mean or apparent 
solar time into sidereal time; the deduction of local time from 
the given hour angle of any celestial body, and the inverse 
problems; the management of interpolation formulas in consult- 
ing the ephemeris, etc. — with all of which the young astronomer 
must be perfectly familiar before he can proceed. 

Chapter HI, on the Figure of the Earth, does not treat the 
methods of determining the earth's figure, which is left to 
geodesy, but gives the geodetic formulas, with their demonstra- 
tion, which are necessary to the astronomer in reducing observa- 
tions to the centre of the earth. Bessel's dimensions of the 
terrestrial spheroid are adopted. The author has not forgotten 
to notice the " abnormal deviations of the plumb line," which 
render it necessary to distinguish between the astronomical and 
the geodetic latitude or longitude of a point on the earth's sur- 
face ; deviations which were first pointed out and also accurately 
determined by our own admirable Coast Survey. Now that 
the existence of such deviations is established, and the method 
of eliminating them pointed out, it is certainly desirable that a 
new measurement of the earth's dimensions should be entered 
upon by the leading nations of the world. It can hardly he 
doubted that the earth will be found to differ sensibly from an 

' A Manual of Spherical and Practical Astronomy. Bj Williav dEAimifCT, LUX, 
Cbancellor of Washington University, St. Louit, Mo. PnUiahed by J. B. lippia- 
oott A Co, Philadelplua. ^ 
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Did of revolution, but it may be expected that, by elimin- 

as far as possible the anomalous aeviations in question, 
the aid of the elements determined by Bessel, a very close 
»ximation to the true figure will be obtained, 
apter IV, on the Eeduction of Observations to the Centre 
8 Earth, another preliminaiy chapter, is almost exhaustive 

the subjects of Parallax, Hefraction, Dip of the Horizon, 
The author presents the whole of Bessel's theorv of 
;tion (based upon Kramp's and Laplace's) in a most lucid 
masterly manner. A complete view of the present state 
e refraction theory, however, requires a consideration of 
''s investigations at least, to say nothing of those of 
I and others ; but it would, perhaps, have occupied too 

a space in the work before us. Mr. Chauvenet adopts 
Vs Tables, as thus far agreeing best with observation, and 
Fore limits himself to an explanation of the principles by 
1 that table is constructed. We notice that the author has 
:ed from theoretical considerations a formula for the dip of 
lorizon, including the eflfect of refraction, which agrees 
•kably with the results of actual observation. The eflFect 
fraction upon the figure of the discs of the sun and moon 
> investigated, 
ipter V, on Finding the Time by Astronomical Observa- 

brin^ us fairly into the subject of practical astronomy, 
ilch the preceding chapters are but mtroductorv. This, 
ler with Chapter VI, on Finding the Latitude, and Chapter 
on Finding the Longitude by astronomical observations, 
irs to embrace every previously known method of any 
, with several new and simple methods, and is accompanied 
imerous practical precepts which are designed to inculcate 
ate habits of observation and precision in computation. 
16 many approximative methods of " working a lunar dis- 
," which have heretofore been given, Prof. Chauvenet gives 
ne, and that is his own. Any one who will take the trou- 
o read the investigation of the formulas upon which his 
Dd rests, and by which his auxiliary tables are formed, will 
)nvinced that he was entitled to prefer this method to all 
s. It is in the first place, accurate to a degree unapproached 
ly previous method except BesseVs ; in the next place the 
iary tables are extremely simple and concise, and do not 
re vexatious double interpolations, for the most part, 
d, requiring no interpolations at all ; and, lastly, the form 
B computation is quite symmetrical and certainly within 
•asp of even the most wnmathematical navigator. Although 
nethod was given to the world in the first volume of our 
•ican Ephemeris in 1855, we do not remember having 
t in any of the nautical works of this country or Europe. 

rouB. Sci.— Second Sbbibs, Vol. XXXVI, No. lOS.— 1So\.,\W&. 
49 
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We see the old and demonstrably imperfect methods still le- 
appearing in every edition of Bowditch's Navigator, and the 
English practical works of Baper, &c. Under the head of 
moon culminations we notice that the author gives an entirely 
new formula for combining observations according to wdghH^ 
and explodes the old method of regarding the weight of a 
moon's transit as proportional to the number of threads on which 
the transit has been observed. He has also incorporated Pio£ 
Peirce's valuable researches on this subject. 

The *' American Method" of determining longitudes by the 
electric telegraph, as developed by the Coast Survey is, of course, 
fully treated, and illustrated by examples. 

We are glad to see that the method of finding the longitude 
by altitudes of the moon — discarded by some recent writers— is 
here restored to its proper place. By the differential comparison 
of the moon's limo with a neighboring star, as suggested bj 
Prof. Kaiser of Leyden, the method admits of a very great de- 
gree of accuracy, and is practical with portable instruments, and 
especially with the zenitn telescope as now constructed for the 
Coast Survey. 

Chapter VIII, on Sumner's Method of finding a ship's posi- 
tion at sea, and Chapter IX, on the Meridian line, and Yamtion 
of the Coinpass, are both brief and need no especial notice. 

Chapter X, on Eclipses, is the most considerable chapter d 
the work. Besides considering all the questions usually dis- 
cussed, our author goes into a wholly new discussion of the 
Occultation of Planets^ in which the elliptical outline of the disc 
of a spheroidal planet partially illuminated is taken into ac- 
count. Prof. Chauvenet s methods of solving the various prob- 
lems relating to the prediction of solar eclipses for the earth, 
though based upon Bessel's fundamental formulas, are also 
original, and combine great accuracy with brevity of computa- 
tion. Since the elaborate paper on eclipses by Mr. Woolboose 
in the British Nautical Almanac for 1836, we believe nothing 
so complete has been produced on this topic ; but our author's 
discussion is not only more complete than that of Mr. Wool- 
house, but is both much more elegant in form and more precise. 
This chapter fills 166 royal octavo pages, and well deserves to 
be separately published as a complete monograph on Eclipses; 
for it embraces a discussion of all the phenomena which are 
included under that name, i, e, solar and lunar eclipses, occulta- 
tions of fixed stars and planets, and transit of the inferior 
planets over the sun's disc ; together with the best methods of 
applying the observations of these phenomena to the determina- 
tion of terrestial longitude, or of the solar parallax. 

Chapter XI, on the Precession, Notation, Aberration, and an- 
nual Parallax of the Fixed Stars, it is sufficient to say, contains 
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ill the matter upon these subjects which belongs to a treatise 
>n Spherical Astronomy, where the physical theory of preces- 
doa and nutation would be out oi place. Chapter All is 
»ually complete upon the methods of determining tne Obliquity 
>t the ecliptic and the absolute Bight Ascensions and Declina- 
ions of stars by observation. 

The first volume concludes with Chapter XIII, on the Deter- 
mination of Astronomical Constants by observation. This is a 
Drief but clear resumi of the methods of determining the con- 
stants of the refraction formula, the solar parallax, the mean 
lemidiameters of the planets, the constants of precession, nuta- 
ion, and aberration, the parallax of a fixed star, and the motion 
:>f the sun in space. 

Volume II is devoted to the Theory and Use of Astronomical 
[nstruments. Chapter I relates to the Telescope considered apart 
torn any form of mounting, and gives the methods of determin- 
ng the magnifying power, and a number of practical precepts 
necessary to the obiBerver. 

Chapter II, on the Measurement of Angles, or Arcs, in 
jl^neral, treats chiefly of the errors of graduated circles, of the 
nethods of determining and eliminating eccentricity, periodic 
ind accidental errors, etc., according to the received methods 
ntroduced by the German astronomers. The filar micrometer 
8 here also treated, and the methods of determining the value 
>f a revolution of the screw are discussed at length. The 
nvestigation of the complete formula for determining the value 
}{ a revolution by observations upon a circumpolar star at its 
greatest elongation, is new. 

Chapter III, on Instruments for Measuring Time, embraces 
locks, chronometers, and the electro-chronograph, the last being 
properly regarded as having the same relation to a clock that 
he micrometer has to the graduated circle. The performance 
3f the various cbonographs most in use, is illustrated by full 
sized specimens of actual work at the Harvard College Observa- 
tory and other places. 

Chapter IV, on the Sextant and other Reflecting Instruments, 
contains a full discussion of the theory of these instruments 
pvith practical precepts concerning their manipulation. The 
;heory is given in an unusually simple form, and yet appears to 
3e quite complete. The new prismatic instruments of Pistor 
and Martins, are, of course, not forgotten. 

Chapter V, on the Transit Instrument, is, like so many other 
chapters of this unrivaled work, an exhaustive monograph, and 
fills upwards of 150 pages. The student who makes himself 
naster of all that this chapter contains on this, the primary and 
Fundamental instrument of the observatory, will be fully pre- 
pared to undertake the management of any other instrument. 
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The author has not only digested into a complete Bjstem all 
the valuable material elsewhere given, but nas contributed 
much original matter. The correction of a transit of the moon 
or a planet when the defective limb has been observed, which 
we have looked for in vain in treatises on practical astronomy, 
is here given in its proper place. The discussion of the proba- 
ble errors of transit observations is especially valuable. So also 
are the articles on the use of the portable transit instrument, 
both in the meridian and in the vertical circle of some circum- 
polar star. The discussion of an actual series of observations 
made upon our Northwestern Boundary Survey is full rf 
instruction to the young astronomer. The value of Peireei 
Criterion for the rejection of doubtful observations, is here veiy 
happily illustrated. BessePs method of reducing transits over 
several threads to a single instant, when the instrument is not 
in the meridian, first given in the Astroncmische Nachriditen, 
vol. vi, is here for the time incorporated into a treatise as an 
essential part of the theory of the instrument. The author has 
simplifiea BesseFs method, however, and given a new table 
which is obviously more convenient than the one given by 
Bessel for the same purpose. 

All the various practicable methods of determining the lati- 
tude by the transit instrument in the prime vertical are sys- 
tematically deduced from a single fundamental formula and 
their several advantages brought out in a very clear manner, 
with the aid of full illustrative examples from actual observation. 

Finally, the method of determining the declinations of stars 
with the transit instrument in the prime vertical is given, 
together with the use of the micrometer in such determinations 
when the star passes very near to the zenith, a part of the sub- 
ject usually passed over in silence. 

Chapter VI, on the Meridian Circle is likewise complete. 
The flexure of the telescope is considered. Formulas are given 
for correcting the observed declination of a planet's limb, both 
for spheroidal figure and for defective illumination. These for- 
mulas are new, it being usual to allow for defective illumina- 
tion upon the supposition that the planet is spherical. 

Chapter VII, on the Altitude ana Azimuth Instrument, is also 
a systematic digest of all that is valuable in this connection. For 
the reduction of observations over several horis^ntal tlireads, 
the instrument being slowly revolved in azimuth, a method of 
observation practised at Greenwich with the Altazimuth, we see 
that the author gives a precise method instead of the rough one 
used at Greenwich. 

Chapter VIII, on the Zenith Telescope, explains in minute 
detail the method of employing this instrument as practised 
upon the Coast Survey. >Ve are not sure that Mr. Chauvenet 
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18 quite right in calling the instrument ''the invention of Gapt 
Taloott" vVe have supposed it was rather an improved form 
of the old senith telesoope, the micrometer taking the place of 
a graduated arc, although the readings of the graduated arc in 
the old instrument were differential, as well as in the new 
instrument with the micrometer. The methods of observation, 
however, and the processes of reduction, belong to our Coast 
Survey, and are in this work very satisfactorilv explained. The 
method given for determining the latitude by extra-meridian 
observations with this instrument is orimnal. 

Chapter IX treats of the Equatorial Telescope, adopting Bes- 
seVs method of introducing the flexure of the telescope and of 
the declination axis, and giving the most general formulas, even 
for the case where the pole of the instrument is quite remote 
from the celestial pole. The mode of determining the actual 
position of the instrument is illustrated by observations made 
with the great equatorial of the Pulkowa Observatory. 

Chapter X, on Micrometric Observations, treats first of the 
filar micrometer in connection with the equatorial telescope. 
The correction of micrometer observations for the errors of the 
equatorial instrument is investigated^ a subject we do not 
remember to have seen elsewhere discussed. The complete 
theory of the Heliometer, according to Bessel, is next given in 
a concise and simple manner, yet with the same extreme accu- 
racy that we find in all the other parts of the learned author's 
work. The Ring Micrometer is next discussed. The correction 
of all kinds of micrometric observation^, for refraction, is then 
investigated after BessePs method, and the necessary table for 
facilitating the application is given ; and finally there is intro- 
duced the method of correcting such observations for precession, 
nutation, and aberration. The formula for the latter purpose is 
the same as that of Bessel, but the method of investigation is 
extremely simple, and, we presume, altogether original. 

One of the most important features of the work throughout 
may be found in the frequent application of the Method of 
Least Squares to those problems which permit of its employ- 
ment. This comparatively new, but most powerful and flexible, 
implement of investigation here receives, for the first time in 
any extended treatise on the practice of astronomy, its due place, 
aod is introduced in its appropriate relations and bearings, as 
experienced astronomers are accustomed to make use of it 

The principles of this method are fully discussed in an 
appendix of aoout 100 pages, in which its essential features are 
elegantly and concisely developed, in the clearest form in which 
it has ever been our fortune to see them in any language. The 
mystery and complication which have been not unfrequently 
supposed to shroua and confuse the subject are exorcised by a 
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master's hand, and not only the deduction of the fandamental 
and most convenient formulas, but also the distinctions between 
the various quantities so easily confounded under the general 
names of " probable error" or " mean error," are made so clear 
and manifest that the subject cannot appear to the student as 
either abstruse or confusing. 

This appendix is by no means a compilation ; it is an original 
treatise in which previously known formulas are deduced in a 
new order from the author's own stand-point Peirce's Criterion 
for the rejection of doubtful observations is given, together with 
a very simple criterion proposed by the author, which agrees 
nearly with that of Peirce. 

In conclusion, we would call attention to the intrinsic elegance 
of the whole treatise, as including a wide field, and not only 
assigning to each department its own appropriate degree of 
prominence, but clearly and beautifully presenting them as 
parts of one whole; thus rendering the work a systematic 
treatise as distinguished from an aggregate of discussions of dif- 
ferent subjects. In the manifest grasp of both the practical and 
theoretical relations the master's nand is visible. Befined 
analysis, appreciation of the most convenient application, theo- 
retical accuracy of processes and formulas, practical knowledge 
of instruments, in short, the requisite, now fulfilled for the first 
time in a text-book on Practical Astronomy, that the author 
should be both a mathematician and an oleerver, all unite to 
make this new production of Prof. Chauvenet a classic of the 
highest order, and an invaluable contribution to astronomical 
science. 



Abt. XXXin. — Remarks upon the causes producing the different 
characters of vegetation known as Prairies, Flats, and Barrens in 
Southern Illinois, with special reference to observations made in 
Perry and Jackson counties; by Henry Engelmakk, Assist 
State Geological Survey. 

The district to which I have reference is peculiarly adapted 
for the study of the causes which produce the differences in veg- 
etable growth, because we find there different systems of vegeta- 
tion equally well developed in close proximity to each other. 
We may especially distinguish the prairies, the post-oak flats, the 
barrens, the post-oak hills, and the corresponding creek-bottomSi 
and, on a different soil, the white-oak lands. 

The prairies in this district invariably occupy the highest 
ground, but their relative elevation varies considerably, w hile 
the lowest edges of some of them reach to within 40| nayy^even 
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20, feet of the level of the principal water courses, the highest 
prairies are above the heaos of swiftly running tributaries of 
several miles in length. The surface oi the prairies is generally 
flat or gently undulating, and some of them exhibit considerable 
difference of altitude in their different parts. Thej are mostly 
surrounded by timbered flats of more or less extent, and farther 
on towards the creeks by broken hills. Where there are exten- 
sive uplands not level enough to form prairies, but laid out in 
more or less broken waves, they assume the character of vege- 
tation known in that section as '' barrens," while the more broken 
hills are covered with forest. The differences depend partly 
upon the configuration of the surface ; but other elements must 
oooperate to produce them : such are unquestionably the quality 
of the soil, the underlying geological formations, and to a prom- 
inent degree the conditions of moisture, as well in regard to the 
climate or surrounding air, as in regard to the soil and deeper 
under ground. The geological formations, especially over the 
more elevated portions of Perry county, consist pnncipally of 
arenaceous shales and slates and fine-grained sandstones of the 
upper Coal-measures in nearly horizontal position. The soils 
and subsoils of the whole district have been formed mainly from 
their detritus. They are arenaceous, with only a small admix- 
ture of clay, and in a high state of comminution, nearly reduced 
to an impalpable powder. This physical condition produces 
some properties which we are wont to attribute only to stiff clay. 
When quite dry the soil rapidly absorbs water; but after having 
been moist for some time it becomes hardly permeable, the 
minute particles of the mass soon filling all the pores between the 
larger grains and closing them hermeticall y ; also whenever water 
happens to collect in a depression of tne surface, the impal- 
paole mud which it carries in suspension soon forms an impene- 
trable coating on its bottom and prevents the water from sinking. 
This is analogous on a large scale to what a chemist may daily 
observe in his laboratory in filtering certain substances. These 
pools of water remain standing on the ridges, and dry slowly 
Dy evaporation. When for some time saturated with water, and 
especially when mechanically worked in this state either by 
agricultural implements, or by the tread of cattle, or under the 
"wneels in the roads — when it is puddled as the technical term is 
— this sandy loam becomes tenacious in consequence of the great 
adhesive power of its minute particles, and then appears to be 
far more clayey than it is in reality. Generally it crumbles 
easily as soon as dry, especially if any mechanical power is ap- 
plied, and shows again its sanay character. It is not retentive 
of moisture ; in a dry atmosphere it readily gives off the largest 
portion of the water which it has absorbed, and it reabsorbs the 
aqueous vapor from the atmosphere with much less power thau 
clay soil doea|, neither as rapidly, nor in nearly t\\^ a?x.rcv^ o^-OkXiNAV^ • 
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Occasionally, we also find as substrata a stiff rougli clay, and at 
some points sand. 

The prairies all occapy the broad, more or less flat, diyiding 
ridges between the streams. In digging wells on them, water 
is freqaently struck at shallow depths, say, from 6 to 12 fiset^ 
and seldom exceeding 80 feet. It is generally obtained in the 
quaternary surface deposits above the strata of rocks; the latter 
are seldom reached in the prairies in digging wells, except near 
their borders, near the flats and barrena^ The underlying fb^ 
mations therefore appear not to exercise any direct leading 
influence in causing the prairie character of the surface, nor does 
the fine comminution of the soil by itself, because it does not 
di£fer in this respect from the adjoining flats and barrens, which 
is composed of the same sandy loam. I am inclined to the 
opinion that the leading cause of the prairie vegetation is to be 
found in the conditions of moisture of the soil, while I concede 
that various causes must cooperate to prevent the growth of 
trees, and that in other districts one or the other of these acces- 
sory causes may predominate so far as to seem alone to prodaoe 
this same result. 

The prairies in the district under consideration have a verj 
imperfect surface drainage, in consequence of their configuration. 
The largest portion of the water which falls as rain or snow is 
therefore taken up by the soil, besides the large quantity which 
it absorbs directly from the moist air. The first of these sources, 
the rain and melting snow, would cover the surface to an aver- 
age depth of 43 inches each year; the quantity of dew cannot 
well be estimated, but it is quite considerable in some seasons, 
and the quantity absorbed directly from the moist air, which we 
are apt to overlook entirely, plays a most important part in the 
economy of nature, and is large in soils which are rich in 
humus, like our prairie soils. Prof Babo has demonstrated 
that the absorbing power of some dry soils is scarcely surpassed 
by that of concentrated sulphuric acid, which is used in the 
chemical laboratories for the special purpose of absorbing the 

* Rtmarh. — In Wellington county, which adjoins Perry county to the oorthvord. 
the same conditions of Tegetation prevnil, with the only difference that the prairies 
occupy a still larser proportion of the surface in consequence of the less broken 
character of the land. There, rocks, mostly soft sandstones, have been struck at 
numerous points in digging wells in the prairies ; but the water is generally ob* 
tained either above theses rocks, so that only the well beds are ezcavat^ in thetn.or 
else underneath a few layers merely of these rocks, which then generally reaek 
rather close to the surface, to only from 10 to 20 feet of it. In most of these cases, 
then, the permanent sheet of water is still near the surface, underneath a rock 
which is piermeable to it, either throughout or locally in consequence of nuraeroQi 
water-bei»ring crevices. Rock or no rock then makes no essential difference io the 
drift of our argumentation, which remains unchanged. Pointa where water is ob* 
tained only by considerably deep wells through the rocks come under the ezceptiooi 
of which I have treated at the end of this article. 

[Compare the remarks on the * Barrens ' and ' Sinks ' of Kentucky, by 6. SiUiiniB, 
Jr., in ao Article on MammoUi Ca^«, x]b&a 3ovLTtA.V ^%Vu, 883, \850. — &D8.] 
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hamidity of other substances ; those rich in humus, daj, or 
peroxyd of iron, rank highest in this respect Tile drains in 
underdrained land of this kind frequently aischarge water when 
the air is moist, but before any rain has fitllen. This water has 
evidently been absorbed from the air by the soil, and this phe- 
nomenon proves conclusively the great importance of this 
absorbing power. 

Let us now enquire what becomes of all the water which the 
praine soil takes up from the various sources. A por:ion of it 
sinks deeper into the substrata and finds an outlet in springs and 
creeks, but a large portion is retained bj the formations nearest 
the surface, which become saturated with it, so that water can 
be obtained nearly all year round in shallow wells. Even where 
the main water level lies deeper, the underclay is generally of 
such a kind that it allows tne water to percolate but slowly. 
The consequence is, that during that portion of the year when 
the evaporation is less powerful, in winter and spring, the soil is 
perfectly soaked with moisture, and the subsoil remains in that 
state till late in the season. This excess of moisture which must 
nearly all be exhausted by evaporation naturally affects the 
growth pf plants. It not merely retards their development in 
the spring by the chilling influence of the evaporation of so 
much water, but kills and prevents the growth of all those which 
cannot live with their roots in stagnant water. It also prevents 
the access to the soil and roots of the oxygen of the air, which 
is essential to the healthy development of most plants, and with- 
out which no oxydatipn can take place in the soil, especially no 
decay, no rotting of organic substances, no eremacausis, as rrof. 
Liebig terms it, which K>rms an important source of nourishment 
for the plants. In the absence or under a limited access of oxy- 
gen, the organic bodies in the soil putrefy or ferment, whereby 
much less elements are produced which sustain the life of the 
plants, but, on the contrary, whereby the roots and the elements 
of the soil are deoxydized. Acids are thus developed which 
are injurious to most vegetation ; the peroxyd of iron, a highly 
beneficial ingredient of the soil, is reduced to protoxyd of iron 
and then dissolved by carbonic and vegetable acids. It then 
operates destructively upon vegetation, similar to its combina- 
tion with sulphuric acid, the protosulphate of iron or copperas. 
The deeper a plant roots the more obstacles to its growth it 
finds in the prairies, because it is longer exposed to these bane- 
ful influences, which disappear only late in the season, when it is 
too late for many plants to begin their annual growth. Then 
the humidity disappears, the soil is opened to the air, and the 
consequences of the wet spring are overbalanced by the natural 
richness of the soil. Later in the season these same prairies 
Ax. Joum. Soi.— SsooiTD Sbbibs, Vol. XXXVI, No. loa— Nov., 1863w 
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which have been excessively wet in the spring suffer oonsidera- 
bly from drought, in a great measure certainly because the suV 
soil is naturally too close, and not opened by deep rooting planti; 
and therefore does not assist in the absorption of the moistare 
from the air, nor attract much of it from the water belov. 
Grasses which are not only able to withstand, but even delight 
in, a considerable de^ee of moisture, and by their dense growth 
prevent its early exhaustion by evaporation, and add to it bj 
their attraction of dew, are certainly the plants best adapted to a 
district like these prairies. By their long continued growth i 
large amount of vegetable matter has been accumulated in the 
soil. 

I have found the prairie soil in Perry county varyinp in depth 
between 10 inches and 2 feet, and underlaid with the white sandf 
loam with numerous grains of ferruginous matter, from which 
the upper soil has been gradually formed. Frequently a bed of 
red or yellow tough clay intervened between tne two, and in 
places K)rmed a regular hardpan which offers much resistance 
to the passage of water. 

The foregoing paragraphs contain my opinion of the prindpil 
cause of the absence of trees from the prairies in the examined 
district. Further investigations may point to other accessory 
causes which I may have overlooked, but undoubtedly the con- 
dition of humidity of the soil exercises here the most prominent 
influence on its vegetation. The chemical composition of the 
soil naturally also affects the flora ; but as our prairie soils do not 
appear to have any very peculiar composition, chemistry may 
account for the absence of certain species of trees, but certainly 
not for the absence of all trees. 

Prof J. D. Whitney, the distinguished State geologist of Cali- 
fornia, remarks in his report on the physical geography of Iowa, 
in vol. i, part 1, of the Geological report of Iowa: "Taking 
into consideration all the circumstances under which the pecaliar 
vegetation of the prairies occurs, we are disposed to consider the 
nature of the soil as the prime cause for tne absence of forests 
and the predominence or grasses over this widely extended 
region; and although chemical composition may not be without 
influence in bringing about this result, yet we conceive that the 
extreme fineness of the particles of which the prairie soil is composed 
is probably the principal reason why it is better adapted to the 
growth of its peculiar vegetation, than to the developement of 
forests." I have not examined the prairies of Iowa and Min- 
nesota, and therefore confine myself to the suggestion that there 
too the fineness of the soil may be an accessory cause only, and 
that the immediate cause may be the conditions of humidity. 
Several of the proofs which Prof Whitney adduces may as 
well, and it seems to me with more right, be claimed as proofs of 
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my theory. For example, the grass-coyered bottoms of former 
ponds are apt to be still considerably moist, in the spring season 
at least, much more so than the adjoining forest soil ; and the 
gravelly and timbered ridees of the prairies which he mentions 
are evidently also better drained in consequence of the coarser 
material of which they are composed. In the middle and 
northern part of our state too, while forest trees can be grown 
on elevated parts of the prairies, and after the same have been 
dried by continued cultivation or deep tillage and under-drain* 
ing, they will sicken and die in the lower and moister situations 
where tneir roots stand, during part of the year at least, in cold 
water. 

The prairies of our western territories are due to other causes ; 
at least not to an excess of moisure, but rather to a deficiency 
of it, which, besides depriving the tree of a supply of moisture 
at the time when it would be required for its growth, also pre- 
vents a sufficient decomposition of the substrata, and thus the 
aoarce remains closed from which the roots of the tree would 
have to draw their nourishment I have witnessed a very 
forcible illustration of this latter defect in the sterile regions 
of western Utah, where whole mountain ranges are covered 
with sharp angular Augments of rocks, undecomposed for lack 
of moisture, liittle soil could thus be formed on these slopes, 
which therefore produce but a scanty vegetation, while there is a 
most luxuriant ^wth of delicate nowers at the same altitude 
on every little nvulet trickling down from the snow-clad sum- 
mits, and even on the moist patches of soil under and between 
the melting banks of snow. In other regions, again, the absence 
of trees and the general barrenness of the country seem to be 
dne to an excessive accumulation of various salts m the upper 
omst of the soil, such as sulphate of magnesia, chlorid of sodmm, 
carbonate of soda, and others, but which accumulate also in conse- 
quence of the insufficient drainage, due to the small amount of 
atmospheric precipitation. 

In the district which claims our special attention, the prairie 
growth is undergoing a considerable spontaneous change with 
the progressing settlement and cultivation of the country. Since 
the prairie grass is no longer burnt off annually, as it used to 
be by the Indians and early settlers for purposes of the hunt, 
for killing insects and snakes, and in order to free the land 
£rom dry stalks, and thus to secure a better pasturage early in 
the spring, whereby all but the hardiest grasses were destroyed, 
and those especially remained which propagate by throwing out 
suckers from the roots, and since the grass is continually 
cropped close and tramped down by cattle, the former vegetation 
of the prairies has gradually given way to softer and shorter 
grasses, and at somewhat broken points even shrubs and trees 
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haye began to sprout up ; at the same time their sui&oe has 
become drier, of which more will be said below. 

At some points in the prairies no water is obtained at moder- 
ate depths, out rocks are struck and have to be penetrated to a 
considerable depth in order to get water. At such points we 
might expect to find trees, but such is usually not the case. In 
the vegetable kingdom also the universal rule prevails that 
the stronger gain on the weaker ones. The tenacious grasses 
growing all around such spots will then encroach upon the land 
which is fit to bear timber, and will not suffer trees to spring up^ 
unless they be assisted by fiivorable circomstancea. Such en« 
croachment of one species upon the territory else occupied by 
another, even to the extinction of the latter, may be frequently 
observed. 

The *' flats" are nearly level stretches of upland, as their name 
indicates, and are timbered principally with single large and 
widely scattered post oak {Quercue obttmloba)^ of a sturdy thick- 
set growth, with stout crooked branches, and a tattered top. 
Their trunks are generally in part rotten, perhaps in conse- 
quence of injuries which they received by fire during the earlier 
period of their growth, more likely, however, it appears to me^ 
m consequence of the, at times, quite unfavorable oooditio&of the 
ground upon which they grow, which may produce disease in the 
tree. The trees of the lar^e post oak stand wide apart, and are 
interspersed with black jack (Qi<«rcti^ nigra) and in places young 
post oak. The black jack are sometimes well developed with a 
vigorous growth and well shaped top, but are frequently stunted 
and scrubby. Not being, here at least, a long-lived tree, they 
generally ao not attain a large size. These woods are quite 
open, and their white soil is only scantily covered with vegeta- 
tion. Even where the annual fires are kept out, undergrowth is 
very slow in springing up in the regular flats. Their subsoil is 
the finely comminuted white sandy loam mentioned above; it 
is nearly pure white, with an admixture of small black grains 
of ferruginous matter, and reaches to a depth of several feet 
The upper soil is quite shallow, and seems to be distinguished 
from the subsoil only by a slight admixture of vegetable mould, 
not sufficient to color it much darker, and by the smaller num- 
ber of the ferruginous grains. For the iron gradually disappears 
from most badly drained surface soils, and smks deeper into the 
subsoil, in consequence of repeated reductions of the peroxyd 
into protoxyd, its solution, and final reoxydation and precipita- 
tion. A sharp line cannot be drawn between the upper soil and 
subsoil of the post-oak flats. They exhibit the peculiar proper- 
ties which I have above described as characteristic of this kind 
of soil, which are not obliterated by the small admixture of 
humus. Its fine comminution makes this otherwise light soil 
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badly penneable to water; and in depressions where rain water 
oollects, the fine particles which have been held in suspension 
by the accamalating water soon close np the pores of the oottora, 
and thus shallow pools are formed, from which the water disap- 
pears slowly by evaporation. At such points we observe the 
pin oak {Quercus palustris) together with the scaly-bark hickory 
{Oarya cJba)^ and sometimes the laurel oak {Quercus imbricana). 
The flats extend either round the prairies, between them and 
the breaks or hill land, and at the same level with the edge of 
the prairies, or else they occupy the wider ridges without a cen- 
tral prairie. The most obvious difference between prairies and 
flats, apart from their different vegetation, consists in the differ- 
ent quality of their soils, which in the prairies is deeper and 
much more charged with v^etable matter ; but as the soil is 
only formed in the course of time, we must search for a deeper 
aeated first cause of the difference. The situation of the mits 
between the imperfectly drained prairies and the broken hill 
land gives us a clue. l*he flats are equally deficient in surface 
drainage with the prairies, but the permanent water-line appears 
to lie considerably deeper, and the lower substrata effect a natu- 
ral drainage wanting to the prairies. I have scarcely any data 
in regard to the depth at which water is generally struck in the 
flats, because they have hitherto been snunned bv settlers on 
account of their apparent unproductiveness, which disappears 
however before a rational system of cultivation. In most cases 
where wells have been dug near the boundaries of prairies and 
flats, water has been found considerably deeper than farther in 
the prairies, and many attempts at wells have been abandoned 
before it was reached ; at the outer rim of the flats we approach, 
besides, the natural water courses ; and we have therefore good 
reason to suppose that generally the substrata of the flats are 
drained by the underlving sandstone formation. Early in the 
spring the sur&ce of the flat is exceedingly wet on account of 
tne deficiency of the surface drainage and the limited permea- 
bility of the soil and subsoil, which are then saturated with 
water to their fullest capacity. This water will mostly be con- 
sumed slowly by evaporation, and that small portion of it which 
penetrates deeper will be drained off. Vegetation will thus be 
retarded in spring, and all the bad influences will be experienced 
of which I have spoken in relation to the prairies. At last the 
soil remains closely packed and dry. The access of air to it is 
then still limited in consequence thereof, and when the hot sea- 
son arrives the soil can absorb only a small amount of moisture 
from the air, in consequence of its compactness and of its defi- 
ciency in clay and humus, which two elements are known to ab- 
sorb most powerfully the moisture and other gaseous elements of 
the air which are conducive to a vigorous development of vegeta- 
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tion. Tbe same cause prevents the parched surface from draw- 
ing upon the substrata for a supply of humidity from the deep 
seatea permanent water-level ; and moreover it is generally 
assumea that, whenever tbe depth of the water-level exceeds a 
few feet, it can exercise a comparatively small influence upon 
the humidity of the soil in the dry season, during which the 
main supply of water for the vegetation seems to be absorbed by 
the leaves and by the soil directly from the atmosphere. The 
excessive humidity of spring is therefore followed on the flats 
by an excessive (irought, almost without a congenial growing 
season between. The closely packed condition of the soU 
presents also an obstacle to the deep-penetrating roots, and 
the latter are not invited to any exertion in that direction, 
because the same cause prevents^the access of oxjgen and 
of other elements of nutrition. A heavy rain which would 
be absorbed in a short time by a coarser light soil or by wdl 
drained land, and which would onlv be sufficient to saturate 
heavy soils, and to supply them with all the water they need 
for some time after, wul be apt to pack the sur&ce of the fiata 
and to flood them without penetrating deep; it will soon be 
dried by sun and wind, and will suddenlv chill the soil, 
without exerting to a large degree the beneficial influeooes which 
it would have on a more favored soil. 

While the former vegetation of the prairies seems to have 
been one suited to wet ground, the flats in their unimproved 
state will only sustain one which is able to outlive the excessive 
wet of the spring season, and the sudden change to the dryness 
of summer and fall. The trees which grow there are such as 
have shallow spreading roots, and can withstand considerable 
drought; deeper rooted ones would be killed in the spring, and 
more delicate plants would wither under the scorching sun of 
summer and fall if they did survive the spring. Other causes 
which determine the vegetation of the flats may be found prin- 
cipally in the chemical properties of the soil. 

Such is the condition of the typical flats in their uncultivated 
state, where they present their worst features; there are how- 
ever gradations to the better, and they are by no means as un- 
productive as it might appear. They were so, indeed, under 
the old system of pioneer cultivation, which expected nature to 
do everything, and man as little as possible ; but if the soil is 
opened by deep cultivation, and vegetable mould is created, and 
the soil loosened by ploughing under green crops and manuring, 
it will be found to improve steadily as soon as the roots have 
once began to penetrate it. Tbe first crop is frequently quite 
defective, but each succeeding one is better. In this respect 
the soil resembles stiff clay soil, such as potters clay, which, with 
all chemical elements of fertility, generally makes a quite barren 
Boil until it is suffiicieiilYy op^n^ b^ cviltivation. 
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The ^^harrens^^ as the term is understood in the district to 
which I have reference, are hills covered with a dense growth of 
tall grasses, without or with only scattering large trees. The 
progressing cultivation has however changed their aspect con- 
siderably, and large portions of them now have a dense growth 
of young timber. They occupy that i>ortion of the upland the 
surface of which is too uneven for prairies and flats, partly gently 
undulating, partly sharply rolling or even moderately broken. 
Their subfiK>iI is the same white sandy loam mentioned before ; but 
their sur&ce-configuration affords a complete drainage, and they 
have therefore sustained a better vegetation and have formed 
some inches of a good soil considerably charged with humus. 
That of the sharper ridges is however apt to wash down into the 
the hollows, ana is therefore generally shallow, while it has ac- 
cumulated in the lower places. Their subsoil is frequently, but 
erroneously, called yellow clay; it is yellow only on exposed sur- 
faces, on cuts in the roads, and similar places, where tne iron of 
the soil, which elsewhere is all concentrated in small grains of 
dark brown color, is more diffused over the surface and colors the 
white material yellowish. The drainage of the substrata seems 
also to be perfect, and the underlying porous sandstones not 
nnfrequently reach to within a few feet of the surface. The 
barrens become dry early in the spring, and resist drought 
better than the flats, apparently because their upper soil is 
better and attracts more moisture from the air, and oecause it is 
less packed than that of the flats, and the plants, in consequence 
of their earlier growth, have progressed farther in their devel- 
opment when the dry weather sets in, and are more vigorous. 
The subsoil is also very close. Still there seems to have been 
no absolute necessity for the absence of timber, and it rather 
appears to have been due to the encroachment of the grasses, 
which, being well developed in the large prairies, where no 
timber could grow, spreaa out and took possession of the bar- 
rens. Other lands verv similar to the barrens, \t\ regard to soil 
and situation, are timbered with post-oak forest. The annual 
fires which swept over the country assisted in keeping down 
timber, and in giving the grass entire possession ; and perhaps 
the latter was necessary to prepare the soil for the subsequent 
growth of timber. In some tninly settled neighborhoods we still 
find the barrens covered with rank coarse grass, but generally 
a dense growth of small oak is springing up spontaneously, 
and at many places very vigorously, especially in the more 
inhabited districts. At some points we find in the barrens 
single large post oak, as we do on the flats; generally the young 
growth on the poorer ridges is post oak (Q. obtusiloba) and black 
oak {Q, tinctoria) with some blackjack {Q, nigra\ in the hollows 
hazel and sumach, and on the finer rolling lands post oak^ blft.<!,k. 
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oak, barren hickory (Oayar tomentosa)^ hazel, &o. The growth 
varies considerably according to local circumstances. 

The ^^ post-oak hilb'^ resemble in most respects the barrens, bat 
are covered with older forest, and are on the average more 
broken. The prevailing timber is post oak, with some black 
oak, but we find also blackjack, hicKory and some other trees. 
White oak {Q, alba) is found only in the breaks of the creeks. 
The main difference between this forest and the barrens seema 
to consist in the more progressed ^wth of timber, dae*^robably 
to the more complete drainage of the soil, aided by a more pro- 
fuse admixture of sand and other materials in the subsoil fit>m 
the strata which form the hills. In wet spots we find here also 
some pin oak (water oak, Q. palustria) and laurel oak (Q. imr 
hricaria). 

The principal creek bottoms within the region of the barreii 
country and of the sandstones of the upper Coal-measures haves 
soil very similar to that of the flats, perhaps a little coarser; bat 
its upper portion is considerably mixed with vegetable mould, 
and about as dark as the prairie soil. They are overflowed by 
freshets, and very naturally supplied with the necesmy moisturs 
from the creeks, even in the ariest season, and their growth is 
thereby regulated. The timber is heavy and very tall, and con- 
sists principally of the swamp white oak {Quercus oicohr) and the 
in oak {Q. palustris) with some scaly-bark hickory {Oarya aJbc) ; 
ut where the creeks enter the limits of the underlying lime- 
stones and shales the growth is much more varied, and consists, 
in addition to the above named trees, of bur oak {Q, macTOcaTfKi\ 
red oak {Q, rubra), laurel oak {Q. imbricaria)^ ash, black walnut, 
hazel, and many others. 

The white oak is found in this district only in the steep breaks 
of the creeks and at a few other points, but it is altogetner sub- 
ordinate. At the southern limit of this region the soil changes 
entirely, and covering "<Ae ridges of the Millstone grit Jbrma- 
tion/^ we find a light brownish, decidedly arenaceous, deep, lightj 
and warm soil which supports a splendid growth of white oak, 
black oak, barren hickory, pig nut {Carya glabra), black walnat^ 
black gum {Nyssa multifiora), yellow poplar {Lirtodendron tuUp' 
ifera), &c. The prairies do not extena into this district, and 
the Sylva here, beginning in Jackson county, and especially 
farther south, undergoes a considerable change, which is partly 
caused by a change in the geological formations and surface 
configuration, and consequently of the soil, partly by the soaih- 
em slope and latitude of this part of the country. Of trees 
which do not extend farther north into the before-described CkMtl- 
measure district, I observed here the yellow poplar (Liriodendrm 
tulipifera), the swamp cypress {Taxodium distichurrC)^ the tupelo- 
gum (Nyssa uniflora\ the sweet gum {lAquidambar styracijlua). 
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the winged elm (Ulmtu alata\ the Spanish oak {Qiiereusfolca(a\ 
the barren oak (bitter oak, Q. faicata var. triloba (?) ), the beech 
{Fagiu fermgined)^ the cucumber tree {Magnolia acuminata\ 
and others. 

Progressing change of the country, — From the foregoing state- 
ments it appears that timber is now encroaching spontaneously 
upon land lormerly occupied by tall grasses, while, on the contrary, 
old forests yield to the axe and ploughshare; at the same time, the 
rank praine and barren grasses die out The effect upon the 
climate, especially in decreasing the humidity of the country, 
must be powerful, and may be compared to the change of sensa- 
tion which we experience, on a clear summer evening, in coming 
fjTom a sheltered damp creek bottom to the airy top of a dry 
hill. The effect is similar to that produced in other countries 
by the clearing of extensive forests. The growth of dense tall 
grasses, of which untold generations have died and rotted upon 
the same spot, not only protects the soil from the warming rays 
of the sun and thus checks evaporation, but it actually increases 
the precipitation of moisture, especially in the form of dew, by 
the low degree of temperature consequent upon the humidity of 
the sur&ce and upon the powerful radiation of heat from the 
spears and leaves of the grass waving in the ni^ht air, which, as 
can easily be proved by experiment, grow much colder than the 
bare soil. The grasses also check the surface drainage most 
effectually. With their disappearance the above effects cease, 
the soil l>ecomes more exposed to the direct rays of the sun and 
to the drying breezes, while the succeeding growth does not 
bvor the precipitation of dew nearly as much as the grass. The 
natural impediments to the speedy abduction of the falling rains 
are also lessened to a considerable degree, and thus the soil is 
rendered drier. The artificial works of drainage and even the 
3ut8 and ruts of the roads do their share also. The breaking 
ap of the sward and deep cultivation of the soil facilitate the 
nnking of the water, and expose a ^eater surface of soil to the 
iesiccating influence of the sun and winds. Every old settler 
3an bear witness to the remarkable and rapid change in the 
x>nditions of moisture of the prairies, which is also manifested 
by the gradual failing of the wells at numerous points. It is a 
x>mmon observation that they must be dug much deeper now 
;han formerly in the same vicinity. The healthiness of the 
country has thereby improved, and the farmer is enabled to 
;>lant much earlier, and at points which were formerly too wet; 
lis loss by the freezing out of the winter crops is much reduced. 
Phe droughts in summer and fall are perhaps also more severe 
it present, but an advantage can seldom be gained without some 
lacrifice, and a remedy is accessible if only we will apply it. 
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It is " thorough cultivation and underdrainuig." Where these 
are practiced, the roots are enabled to strike deeper, beyond 
the direct influence of the sun's rays ; a much larger quanti^ 
of nourishment is presented to them ; the humidity of the stm 
is equalized; its absorbing power for moisture and gases is 
vastly increased ; and the growth of the plants is consequently 
much invigorated and placed beyond the reach of sudden 
changes of the weather. If the £EU'mer, instead of superficially 
cultivating extensive tracts of land with an altogethcur inade- 
quate laboring force, as I have frequently noticed, would th<x^ 
oughly cultivate a smaller area, he would not have to com- 
plain so much of drought and &ilure of crops, and of the ''giT- 
ing out" of fields. Instead of exhausting his soil, he wmild 
make it richer every year; and, by making heavy and certain 
crops, he would find himself amply repaid for the increased 
labor, and reap more on an average on the smaller surfim 
adequate to his laboring force, than before on the larger fields. 

SpringfieH Ill» Angnst, 1868. 
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T. Sterry Hunt, M.A., F.RS.* 

The late researches of Tyndall on the relation of gases and 
vapors to radiant heat are important in their bearing upon the 
tennperature of the earth's suitace in former geologic^ periods. 
He has shown that heat, from whatever source, passes through 
hydrogen, oxygen and nitrogen gases, or through dry air, with 
nearly the same facility as through a vacuum. These gases are 
thus to radiant heat what rock salt is among solids. Glass and 
some other solid substances, which are readily permeable to light 
and to solar heat, offer, as is well known, great obstacles to tbe 
passage of radiant heat from non-luminous bodies ; and Tyndall 
nas recently shown that many colorless vapors and gases have a 
similar eiBFeet, intercepting the heat from such sources, by which 
they become warmed, ana in their turn radiate heat. Thus while 
for a vacuum the absorption of heat from a body at 212° F. i« 
represented by 0, and that for dry air is 1, the ab>sorption by an 
atmosphere of carbonic acid gas equals 90, by marsh gas 403, by 
defiant gas 970, and by ammonia 1195. The diffusion of defiant 
gas of one inch tension in a vacuum produces an absorption of 
90, and the same amount of carbonic acid gas, an absorption of 
5'6. The small quantities of ozone present in electrolytic oxy- 
gen were found to raise its absorptive power from 1 to 85, and 
even to 186 ; and the watery vapor present in the air at ordinary 
temperatures in like manner produces an absorption of heat 

> CommunicAted to thii Jounud bj the cathor. 
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represented by 70 or 80. Air saturated with moisture at the 
oitliDary temperature absorbs more than five hundredths of the 
beat radiated from a metallic vessel filled with boiling water, 
and Ty ndall calculates that, of the heat radiated from the earth's 
snrfiM^ warmed by the sun's rays, one-tenth is intercepted by the 
aqueous vapor within ten feet of the surfiice. Hence the power- 
fiu influence of moist air upon the climate of the globe. Like 
a oovering of glass, it aUows the sun's rays to reach the earth, 
but prevents to a sreat extent the loss by radiation of the heat 
thus communicated. 

When however the supply of heat from the sun is interrupted 
during long nights, the raoiiation which goes on into space causes 
the precipitation of a great part of the watery vapor from the air, 
and the earth, thus deprived of this protecting shield, becomes 
more and more rapidly cooled. If now we could suppose the 
atmosphere to be mingled with some permanent gas, which 
shoula possess an absorptive power like that of the vapor of 
water, tnis cooling process would be in a great measure arrested, 
and an effect would be produced similar to that of a screen of 
glass ; which keeps up the temperature beneath it, directly, by 
preventing the escape of radiant heat, and indirectly by hinder- 
ing the condensation of the aqueous vapor in the air confined 
beneath. 

Now we have only to bear in mind that there are the best of 
reasons for believing that during the earlier geological periods 
all of the carbon since deposited in the forms of limestone and 
of mineral coal existed in the atmosphere in the state of carbonic 
acid, and we see at once an agency which must have aided 

Seatly to produce the elevated temperature that prevailed at 
e earth's surface in former geological periods. Without doubt, 
the great extent of sea, and the absence or raritv of high mount- 
ains, contributed much to the mild climate of the Carboniferous 
age, for example, when a vegetation as luxuriant as that now 
found in the tropics flourished within the frisid zones ; but to 
these causes must be added the influence of the whole of the 
carbon which was afterwards condensed in the forms of coal and 
carbonate of lime, and which then existed in the condition of a 
transparent and permanent gas, mingled with the atmosphere, 
surrounding the earth, and protecting it like a dome of glass. 
To this effect of carbonic acia it is possible that other gases may 
have contributed. The ozone, which is mingled with the oxygen 
set free from growing plants, and the marsh gas, which is now 
evolved from decomposing vegetation under conditions similar 
to those then presented oy the coal-fields, may, by their great 
absorptive power, have very well aided to maintain at the earth's 
8ur&ce that high temperature the cause of * which has been one 
of the enigmas of geology. 

Ifootreal, August Ist, 1868. 
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Note to paper on the Earth's Climate in Paleomic T^mes. — SiiK» 
the above was in type, my attention has been called by Prof. 
Dana to a paper published in 1849 by the late Maior £. B. 
Hunt, U. S. Engineers, on Terrestrial Thermotics. In this paper, 
which appears in the Proceedings of the American Aeooeiation for 
that year, page 153, and is referred to by Dana in his Manual ^ 
Oeology^ page 868, Major Hunt argues that the temperature at 
the earth s surface increases with the barometric column ; and 
that, as the atmospheric mass must have been greater in the 
earlier geological periods, by the amount of carbon and carbonic 
acid since abstracted from it, the temperature must have been 
higher. To this effect of the carbonic acid, i^ to be added, as 
Mr. Dana has remarked, the greater moisture of the insular 
climate of the Carboniferous period, when the excess of aqueous 
vapor would have contributed to increase the weight of the at- 
mospheric mass. 

The slight augmentation of the barometric column dependant 
upon these additions to the atmosphere would however probably 
be inadequate to produce the considerable difference in climate 
which it is proposed to explain, and it is only in the light 
of Tyndali's recent discovery of the great absorptive action 
exerted by certain gases and vapors on radiant heat, that the 
chemical constitution of the atmosphere of that time enables ns 
to solve the problem of the warm climate of the Paleozoic period, 
towards which, however, Major Hunt made as great a step as the 
existing state of science permitted, when in 1849 he attributed 
it to atmospheric conditions. 
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Obituary, — Of scientific men, deceased in France since my last corres- 
pondence, the following are leading names : — the physicists DcspreU 
and Bravais, the botanist Moquin-tandon, the geologist Marcel de Serres, 
the chemist Pcan de SL Gilles. A few details may be here appropriate 
touching each of these savants, some of whom, as Bravais and Pdan de 
St Gilles, have died in the prime of life and maturity of talent, without 
having been able to produce all that we could have expected from their 
attainments and zeal. 

Cisar Mansuete Despretz died at six in the morninff, March 15tb, 
1863. Born in Lessines, (Hainault), on the ISth of March, 1789, of 
poor parents, he was, to use an expression peculiar to France — the ton 
of his works. Active, studious, very intelligent, and eager for iDStructioo, 
he came to Paris, attended there the course of physics and chemistfT, 
and speedily brought himself to the notice of Gay-Luaaac^ who took 
especial note of the patjence and perseverance of his young scholar, aod 
chose him as assistant professor iu his course of chemistry at the Poly- 
technic school. 
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In 1824 he became professor of physics, in the college of Henry IV, 
where he had for some time acted as tutor, and in 1687 was appointed 
to the same chair in the Faculty of Science in Paris, in the place of Du- 
long. In 1841 he was appointed to fill the vacancy in the Institute 
caused by the death of the illustrious physicist Savart, and in 1858 was 
called to the presidency of the Academy. 

His first publications date from 1818, when he began with important 
researches upon the latent heat of vapors. In 1810, he was occupied 
with the elastic force of vapors. At tnat time, physicists agreed with 
Watt that the total amount of heat contained in a given weight of satu^ 
rated vapor of water is constant at all pressures and at all temperatures, 
Despretz, on the contrary, concluded from his own experiments, that the 
laieni heat increases with the pressure and the temperature^ but to a less 
amount than the increcue of the temperature. His results are now uni- 
versally adopted. 

The researches which he published in 1822 on the causes of animal 
heatj were "crowned** by the Academy, which had proposed this subject 
for investigation: — "Compare the heat developed by a warm-blooded 
animal, in a given time, with the heat developed by the CO^ and HO 
formed in the respiration of the same animal during the same time." 
On this occasion Despretz gave his attention to a series of researches upon 
the composition of the air and the respiration of reptiles ; perceiving that, 
besides the carbonic acid formed in the respiration of these animals, there 
was also some nitrogen. 

He also discovered that fishes have a higher temperature than that of 
the water in which they live ; — that new-born infants have a temperature 
about two degrees higher than that of man, and that the same is true 
with animals, etc 

His researches upon the conductibilities of bodies were also productive 
of results which have been accepted by science, aud which are almost 
entirety confirmed by corresponding results obtained by Mr. Forbes of 
Edinburgh. In this line of research, Despretz was preceded only by 
Ingenhonsz. 

In his researches upon the compressibility of liquids, he was the first 
to perceive that this compressibility was in a decreasing ratio (1823). 

In 1 825, he was occupied with the study of the heat developed in the 
combustion of carbon, hydrogen, phosphorus, and many of the metals, in 
the investigation of which, be, for the first time, burned metals in a 
calorimeter. Out of many interesting facts resulting from these re- 
searches, we note this one: — tin and the protoxvd of tin emitted the 
same Quantity of heat for the same volume of oxygen absorbed. 

While studying the density of gases at different pressures, in 1827, he 
discovered that all gases follow Mariotte^s law, while they are strongly 
compressed, and that they possess variable compressibilities. 

In 1828, ho studied combustion under different pressures; in 1829, 
the modifications which metals suffer, under the combined action of heat 
and ammoniacal gas, discovering the fact that iron will combine directly 
with nitrogen, forming a nitrid. But only recently, and as one result of 
the great labors of St. Claire Deville and Wohler, has it become cer- 
tainly known that nitrogen has a very strong afi&nity for many of the 
metals, and is fitted to combine with them. 
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But space would £ul us to speak particularly of all the works published 
by Mr. Despretz, even in the last years of his life. We have before^ NK^keo 
of some of these, especially of his researches upon the nature of sim- 
ple bodies (1850), which occasioned a discussion on the part of Mr. 
Dumas, so interesting and at the same time so profitable to science. We 
have also spoken of that interesting memoir in which, under the 
modest title, ^ Observations upon charcoal," he shows the poesibilify of 
making artificial diamonds. 

The works remaining for especial mention are those ** upon the varia- 
tions of the zero in the thermometer in the same course of experiments ;** 
*' upon the luminous power of the pile, with reference to the number aod 
disposition of the elements ;" ^ upon the limit of the chemical power 
of the pile;" ^upon the chemical work of the pile;" "upon the law 
of currents ;" " upon the tangents-compass ;" ** upon the oonstanoy of 
the pile ;" etc 

But let us look at the principal results of these researches, — results 
which have taken their place in science, and which it is well to call to 
mind, now that the grave has forever closed over the humble and vener- 
able savant who was their author. 

Mr. Despretz has furnished experimental demonstration, — 1st of the 
decrease of the compreasibilites of liquids with the pressure ; 2d, of the 
unequal compressibilities of gases ; 3d, of the increase of the compiesii- 
bilities of gases with the pressure ; 4th, of the law of the propagauon of 
heat in liquids ; 5th, of the generality of the law of the propagation of 
heat for all bodies, whether good or bad conductors ; 6th, of mazimnm 
density as a property appertaining to all aqueous solutions, and of the exis- 
tence of this maximum at a temperature lower than that of congelation, 
for a great number of solutions ; 7th, of the constancy of the quantitf 
of heat disengaged, whatever the pressure may be, in the phenomena of 
combustion, where the volume of oxygen is not changed ; 8th, of the 
fusibility and volatility of all bodies, even of carbon ; 9th, of the non- 
influence either of the tension or quantity upon the ravs of the voltaic 
spectrum ; 10th, of the influence of the position of the poles, in the 
vertical voltaic arch, upon the length of this arch; lltb, lastly, of the 
artificial production of microscopic diamonds by the electric current, 
whether wet or dry. 

Such are some of the discoveries which belong solely to this asealoos 
experimenter. 

Despretz did not believe in grand theories, and never founded a school. 
His genius consisted in patience for every investigation. By persevering 
labor and a strong will, he attained to that superiority which others owe 
to natural talent 

His manner of life was very austere ; he always wore clothes of sombre 
hue, which caused him to be often mistaken for a priest, and which he 
did not change even when preparing for the chase, of which he wss 
passionately fond. He was not married, and took bis meals every day 
at the same hour, at a restaurant which owes to him its popularity 
among chemists and physicists of all parts of the world ; for it was a 
great pleasure to him to invite to his modest repast such men of science 
as might arrive from abroad. From this circumstance I take the liberty 
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of giving some details of these repasts, now become classic, and which 
Mr. Despretz did not renounce until, having lost his entire fortune in 
1847 in a railroad enterprise, he believed he ought to impose upon him- 
self very severe privations. The repast in question was composed almost 
invariably of soup d la Julienne; oysters; Normandy sole; in summer, 
beefsteak^ in autumn and winter, a roast from the results of bis hunting ; 
lastly, /rtttto and coffee. When he had no guests, he took for his morning 
meal a cup of milk, while receiving calls. 

He left numerous manuscript notes, and a library well supplied with 
French, English and German works. 

Marcel de Serres died at Montpellier, July 22d, 1862, at the age of 82, 
in the midst of scientific labors, and almost, as it were, without laying 
down his work. * * * 

[A notice of the life and labors of de Serres will be found in vol. xxxir, 
p. 803 of this Journal. — Eds.] 

Horace Benedict Alfred Moquin-tandon was born at Montpellier, May 
7th, 1804, and died on the 15th of last April. Called to the Faculty of 
Sciences of Toulouse in 1833, as professor of botany, in 1850, together with 
Mr. Montague, he was appointed by the government to make a thorough 
examination of the flora of the island of Corsica. After the death of 
the botanist Richard, in 1853, Moquin-tandon was appointed to fill his 
place as professor of botany to the Faculty of Medicine of Paris, and 
director of the botanic garden belonging to that institution. The follow* 
ing year he was electea an acting member of the Academy, having pre- 
▼iously been a correspondent He was vice-president of the Society of 
Acclimation. 

He published various researches upon both zoology and botany ; among 
them, the following : — " Upon the manner in whidi the officinal leeches 
first enter the skin, and on the wound which they inflict ;" " Monograph 
of the family of the Hirudines," 1 vol. 8vo, with another of 44 plates — 
^ Researches upon the Ancylus," '* Essay upon the duplication of organs 
of vegetables^ — '^Elements of vegetable teratology," (1841), <kc. 

As a professor, Moquin-tandon was endowed with a happy ease of man- 
ner, and united to the clearness of verbal demonstration a great facility 
of representing upon the board, in a simple and rapid manner, the form 
and structure of the object which he was describing. 

Auguste Bravais was born in 1811, at Anonnay (Ardeche). While 
serving in the capacity of midshipman, he made a voyage to the Polar 
regions, in 1836, and, upon his return, published a report upon numerous 
meteorological and geological observations. Having attained the rank 
" of lieutenant, he left the service and accepted a professorship in the 
Faculty of Sciences at Lyons. In 1 846 be was appointed to the chair 
of Physics at the Polytechnic school, and in 1854 was elected to the 
Academy, to fill the place made vacant by the death of Admiral Roussin. 
Among his published works, we may mention the following : — ** Essay 
upon the general disposition of rectiseriate leaves'^ — ^* Memoir upon the 
old coast-Tines of the sea of Finmark" — *'*' Upon the crepuscular pheno- 
mena" — ^ Upon symmetrical polyhedrons" — " Studies upon crystallo- 
graphy" — " Upon parhelia" — ** Upon the white rainbow" — " Upon hales" 
— ^ Influence which the rotation of the earth exercises upon the movement 
of the conical pendulum" — ^' Researches upon feebU do\x\>\^ t^lc«^<(^\AO'(Ar 
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Having suffered xnanj years from a disease of the brain, he was at 
length compelled to give up all scientific labors : in his last years he was 
reduced to childishness. He died in March last 

Lion PSan de SL Gilles was born at Paris, January 4th, 1882, and 
died March 22d, 1863, at the age of 81. 

Though always in delicate health, he chose a career little compatible 
with his constitution, viz : that of a chemist Possessing a large fortune, 
he fitted up a fine laboratory, where he delighted in passing his wholt 
time, by this close confinement, doubtless, hastening his death* 

The following are a few of his works deserving mention: — ^Upon 
many new sulphites of the bases Hg'O and Cu^O" — •*Upon the hydrate 
and acetate of iron." These two memoirs have been the subjects of veiy 
favorable reports from Messrs. Balard and Th^nard. — ^ Various experi- 
ments relating to the comparative action of nitric acid and mercury upon 
sulphur in its insoluble and its crystalline states" — ^ Upon the oxydiziog 
properties of permanganate of potash ;" lastly, " Researches upon affini- 
ties," undertaken in concert with Mr. Berthelot, which his death suddenly 
broke off. 

Discovert/ of fossil man. — We have before mentioned* (I860) facts 
relating to this subject, in reviewing the long continued efforts of Mr. 
Boucher de Perthes to establish the fact that man was cotemporane- 
ous with the larger animals whose remains we find fossilized. Perthes 
founded his opinion upon the presence, in the Post-tertiary deposits, of 
wrought articles, and, in general, of the pioducts of human mdustiy, 
associated with bones of Ursus spelaius, Elephas primigenius^ &c These 
articles consist mostly of fiint wrought to the form of hatchets or dag- 
gers, together with bones bearing evident signs of having been worked. 
One thing remained to be accomplished — the discovery of man himself 
in a fossil state ; for one could reasonably say, that, if man were cotem- 
poraneous with the Ursus spelaius, we ought to find his fossil remains 
in connection with those of the larger animals. 

This discovery was made at the commencement of the present year, 
by Mr. de Perthes, upon the same formation with his previous discoveries 
in an open gravel pit, called Moulin Quignon. 

We will not here repeat all the particulars of the authentication 
of this discovery which was immediately carried out by Messrs. de Qaa- 
trefages and Prestwich. English paleontologists having expressed doubts 
(London TimeSy April 25th, 1863), a sort of international congress was 
decided on to settle the question. Under the presidency of Milne- 
Edwards, uniting great learning and a conciliatory spirit^ and after 
many sessions at the Museum, they adjourned to Abbeville, where^ 
after taking great care t9 prevent any deception, they made new exca- 
vations, and, at the depth of four metres, in a bed apparently iden- 
tical with that from which the jaw had been extracted, found many 
hatchets of flint every way similar to those previously examined whose 
authenticity had been doubted by the English savants. The details of 
this remarkable congress can be found in the interesting report which 
Milne-Edwards presented to the Academy, at the sitting ot May 18th. 

* This Journal, [2] zziz, 269. 
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Finally, the question takes a new phase, for Elie de Beaumont does not 
admit that the deposit at Moulin Quignon helongs to the Post- tertiary, 
but classes it with ^' deposits laid down upon hill-sides," and considers it, 
consequently as more recent than the diluvium. 

Milne- Ed wards, without wishing to discuss with E. de Beaumont, the 
stratigraphical question, which is not in his province, persists in consider- 
ing it very probable that the jaw from Moulin Quignon is cotempora- 
neous with the fossil bones obtained from the same quarry. Both geolo- 
gists and paleontologists, in general, share the opinion of the illustrious 
geologist, out the point is still in discussion. [For a notice of this dis- 
covery, see this vol. p. 123. — Eds.] 

The manufacture of alcohol by means of illuminating gae. — The indus- 
trial world has been, for some time, much interested in a process for the 
production of alcohol by means of illuminating gas, at a very low cost (25 
francs per hectolitre), and one litre of alcohol so prepared is mentioned 
among the principal curiosities at the London Exhibition. Moreover, it 
has been said by some journals, both in France and elsewhere, that the 
manufacture is going on at St Quentin, and that the apparatus which 
receives coal upon one side pours out alcohol on the other. 

These are exaggerations of certain results obtained by a company which 
has been organized at St Quentin for undertaking the application of a 
patent obtained by Mr. Cotelle, a manufacturing chemist. The patent is 
founded upon the experiment by means of which Berthelot, in 1855' 
accomplished the synthesis of alcohol, by causing the absorption of 
olefiant gas, C^H^, by sulphuric acid, thus converting it into sulpho-vinic 
acid, a compound readily turned into alcohol by processes long since 
known. 

This experiment, made known by Hennell, thirty years ago, has now been 
repeated with C^H^ prepared from alcohol. Mr. Cotelle employs mostly 
illuminating gas, which, as we know, contains from 4 to 12 per cent of 
C^H*. Separating this by means of sulphuric acid, there remains a gas- 
eons mixture, composed of C^H*, CO, H, &c., very suitable for burning, 
so that this first material ought to cost very little, especially if the manu- 
facture be undertaken at the mines, so as to take advantage of the gas 
which issues from the coke furnaces. 

To produce one hectolitre of alcohol of 90 per cent, Mr. Cotelle uses 
not more than 40 cubic metres of C*H*, which corresponds to about 
two tons of the northern coal used at St. Quentin. 

But the diflSculty is not solely in the production of C*H* ; there is 
also needed a large amount of concentrated sulphuric acid, (10 parts of 
HOSO^ to 1 of alcohol). This, used at 60** of Beaum^'s areometer, re- 
mains, after the completion of the work, at from 20** to 25*. It is neces- 
sary, then, either to concentrate it again for a new process, or to utilize it in 
its diluted state; from this we see the necessity for either concentrating 
apparatus or leaden chambers; for a hectolitre of aloohol requires for its 
production 1500 kilometres of sulphuric acid at 66**. 

Thus we perceive a series of difficulties which are not yet overcome, 
but which are vanishing, day by day. Still, Cotelle's process is iuterest- 

* This Journal, [2], xx, 111, 264. 
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ing and we will give it in a few words. Starting with the purification 
of gas, we free it from sulphjdric acid and ammonia, then desiccate it 
by passing it over HO SO 3. Drawn along by suction like that of i 
pump, the dry gas is directed to a column of fflass or sandstone furnished 
with trays or diaphragms pierced with small holes, from which descends 
HO SO^ in a finely divided state to meet and dissolve the C^H^. This 
solution takes place slowly, so that the apparatus needs as many as fortj 
trays to distribute enough sulphuric acid to absorb the gas and be satu- 
rated with it. 

The sulpho-vinic acid thus obtained is next treated with five times its 
volume of water, and the mixture submitted to the action of a stream of 
vapor which carries over the alcoholic product The vapors are con- 
densed; the alcoholic liquid thus obtained is re-distilled over a little 
lime, to separate any sulphuric acid which may have distilled over, and 
the liquid condensed from this distillation is rectified to produce alcohol 
of 90«. 

The residue of this operation is, as we have seen, sulphurio acid of 20' 
to 25^, and a gaseous mixture representing the gas from ordinary ooil 
less HS, NH^, and G^H^ : this latter can be advantageously used for 
fuel. 

^ew metfiod for the concentration of mineral vtaters, — Sea-water in 
fireezing, forms fiakes of ice consisting of nearly pure water, and an ex- 
tremely saline liquid which in Northern countries is utilized in the pro- 
duction of marine salt Very recently. Dr. Robinet, a physician of Paris, 
has discovered that the same process can be applied in the purification 
of fresh water. In freezing water from the Seine, from wells, and from 
springs, ho found the ice produced to be so entirely free from the salts 
of lime and magnesia which were contained in the water, that, tbas 
purified, it may be considered as nearly equal to distilled water. Sk> it is 
now proposed to procure water on board ships, no longer by distillation 
but by congelation, by means of the apparatus of Mr. Carr6, of which 
mention is made below. 

The same fact is made use of in the concentration of mineral waters, 
a problem which has offered itself for a long time, but which the em- 
ployment of heat could not solve, on account of the gas originally in 
solution, which the heat expelled. Cold works better. Dr. Ossian 
Henry, of Paris, has es^perimented with forty different varieties of water, 
and finds that it is possible by congelation, to reduce mineral waters 
to one-eighth, one-tenth, one-fifleenth, or even one-twentieth of their 
original volume, without producing any alteration in the gases contained 
in them. 

100 litres of mineral water can thus be reduced to 5, giving great 
economy in transportation ; moreover, the ice itself is also valuable. But 
we do not believe that the therapeutic properties* of the extract will be 
identical with those of the water in its ori^final state, because of the 
changes which manifestly take place in the contained salts, changes so 
evident that Mr. Balard has been able to base upon them a manufacture 
of sulphate of soda, by exposing to a temperature sufficiently low the 
waters containing NaCI and MgO, SO^, which result from the manufac- 
ture of sea-salt by the evaporation of sea water. 
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The publication of this process has given occasion for a protest on the 
part of Mr. Tichon, an apothecary of Aix lea Bains (Savoy), according 
to which the same process has been used since 1856, by him and a Mr. 
Melsens, who was staying at Aix for his health. The mineral water which 
be drank here, and which is sulphurous, proving disagreeable to his taste, 
be undertook to remove part of the odor by submitting it to a freezing 
mixture. In this way he was able, not only to mask the disagreeable 
3dor but also to concentrate the mineral ingredients. 

Mr. Tichon adds that congelation will not suit all mineral waters, 
inasmuch as it alters the organic matter therein dis8olve<l. 

Manufacture of ice, — If freezing mixtures were the only means of ob- 
taining ice, or a degree of cold corresponding thereto, the various appli- 
cations of which we speak would still be far from having received a prac- 
tical solution, but we already know of important services daily' rendered 
to science by the apparatus of Carr6 which excited so much interest at 
the last London Exhibition. As we cannot here describe this interesting 
machine, for lack of room, we are obliged to refer for particulars to 
'^L'Ann^e Scientifique et Industrielle,'* by Figuier, 1863, page 457, and 
Supplement, but the principle is as follows : — It is based upon the great 
quantity of heat which ammonia, liquefied by condensation, absorbs in 
becoming again gaseous, as this body contains an immense amount of 
latent heat 

Ammonia in the gaseous state is readily obtained as is well known, hj 
boiling the ammoniacal liquid known in commerce as ^ volatile alkali,** 
to reproduce which it is only necessary to expose ammonia in the pres- 
ence of water ; to liquify the gas, simple pressure is adequate. As it 
K) readily takes the gaseous form, it is sufficient to simply remove the 
pressure which retains it as a liquid, and as this change of state is pos- 
sible only on the condition that the liquefied ammonia retakes the heat 
lost in its liquefaction, we perceive that it will rapidly cool the vessel 
which contains it and, consequently, the neighboring material. 

To undertake the method of putting these principles in operation we 
have only to suppose an apparatus composed of two retorts soldered to- 
gether by the necks, the whole perfectly close and without communica- 
tion with the outer air. ' In the larger of these retorts we place a con- 
centrated solution of ammonia in water and heat it Driven off by the 
heat, thegaseous ammonia cannot escape without becoming liquefied in 
the small retort But, when the apparatus is restored to the ordinary 
temperature, the liquefied ammonia reassuraes its gaseous form and be- 
comes redissolved in the water of the first retort 

Two forms of apparatus are used, 1st, intermittent, 2d, constant: they 
are beginning to be introduced into various branches of industry. Brew- 
ers use them to freeze the wort of beer destined to undergo fermenta- 
tion ; coffee-house keepers for making ices and sherbets ; vine growers to 
concentrate wine, and in the preceding article we have noticed other 
uses to which this apparatus has been or can be applied. 

Mr. Carr6 started in this line of business in the first place, by perfect- 
ing an apparatus of American invention, [that of Prof. A. C. Twining,] 
in which the volatilization of sulphuric etner served to produce a con- 
siderable degree of cold, and to obtain, in a short time, blocks of ice. 
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6lil1, this apparatus presented a great fault, viz: the difficulty of miin- 
taining the vacuum: not heing able to remedy this, conveniently, he 
chose to change the system ; dius he was brought to operate his ma- 
chine with ammonia. 

Building Materials — Preservation hy means of the residuum ofeoal4ar, 
— In France, the residuum obtained by the distillation of tar, for the pu^ 
pose of extracting the oils and hydrocarbons, is called brai {coal-tar pitch 
in English). Upon immersing bricks in this resin, melted at 200^, thej 
become fit to use with success in the construction of chlorine chambers, also 
of condensers for chlorhydric acid. Mr. Euhlmann, of Lille, has applied it 
hot to the exterior walls of his kilns for the decomposition of sea-salt, he 
also impregnates with it the tiles with which his workshops are covered, 
especially on those in which acid exhalations are produced. He also 
employs it for giving consistency and a black color to vessels and tiles of 
porous earthen ware. Plaster acquires a strong consistency, and does 
not crack as it does after being dipped in silicate of potash or soluble 
glass : by virtue of its porosity, it is thoroughly penetrated by the resin, 
and becomes permeable to all other substances ; while objects moulded in 
plaster retain their form without the least alteration. This is so true that 
crystals of gypsum (natural hydrated sulphate of lime) become, in the 
resin, of a shining black color, the crystalline form not being dianged, 
but the water of hydration, being replaced by the resin : it is a pseudo- 
morph. Alabaster acts in the same way. 

Stones covered with coal tar, or even with a greasy or resinous coatings 
resist the action of wind bringing salt spray from the aea better than do 
bare stones. 

Mr. Kuhlman saw a striking example of this in the Bay of Biscay 
upon a building erected in 1858. Upon the more exposed points, the 
wrought stones were deeply corroded ; but what is most remarkable 
of those stones which before being put in place, were numbered in black 
with oil, the parts covered by the color have been so protected from 
alteration that the numbers are now presented in considerable relief and 
with great sharpness. 

This reftiu is not the only substance which readily penetrates plaster, 
stone or masonry. Mr. Kuhlmann has discovered tnat resins, greasy 
matter, and various other substances act in the pame way, and that it is 
also the case with all liquids and bodies in fusion, when they wet the 
body which is to be penetrated. In the case of plaster it is not a simple 
effect of permeability, but rather of dif^placement of the water ; the plas- 
ter, becoming anhydrous, is thoroughly penetrated by the tarry matter, 
and its consistence increases, but the form of the object moulded is pre- 
served unaltered, even when the bath of resin is raised to the tempera- 
ture of 400° C. At from 160* to 200° C, stearic acid acU like resin ; 
the plaster becomes impregnated with it, and at the same time loses its 
water of hydration, which is recognized from the boiling which it occa- 
sions in the bath. 

With liquids which do not wet the plaster, this penetration does not 
take place. Mr. Kuhlman has tried in vain to effect it with melted sul- 
phur or with mercury. 

But it is not only water which can be displaced by coal tar; other 
substances are similarly affected : e. g., crystallized peroxyd of mangaaese 
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loses, in the boiling resin, one atom of its oxygen, and takes up coal tar ; 
its crystalline form remains unchanged ; after the operation, the crystals 
thus treated no longer give any trace of chlorine with chlorhydric acid. 

In all these experiments, the temperature of the solid body should be 
raised very gradually. 
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Lefon9faite$ d la Soeiite Ckimique de Paris, par Af, Verdet et M. Bertheht. 8vo, 
1S68. These lectures bear partly upon the great question of the "mechanical 
eqaivaleDt** of heat, which Mr. Verdet has set forth at two sittings and in \7hich he 
has sammed up the state of the question of which the fundamental formula was 
given forty years avo by Mr. S. Carnot 

Mr. Berthelot, in his lectures, explains all the facts which relate to the polyatomic 
alcohols, in the discovery of which he has taken so large a part ; he then treats 
thoroughly of the sugars, and the other alcohols whether derived or polyatomic, 
of which he has equally contributed to increase the list and elucidate the history. 

VAnnee SeierUtfique et IndustrielU, par L. Fiffuier, 7th year. — This popular 
work contains the principal scientific facts made known during 1862. Among other 
important articles we notice the following : — upon the cutting of the Isthmus of 
Suez ; upon the Mount Cenis tunnel ; upon the artesian wells m the Sahara ; the 
metallorgv of platina; textile substances substituted for cotton ; machine for mak- 
ing ice ; oCm Ac. 

L'Annee Oiographique, par Vivien de St. Martin. — Ist year, 1868. — The author 
has begun for geography that which Figuier has accomplished for the sciences. The 
voyages of discovery, the ethnographical studies, the topographical works, the anti- 
quarian researches of the year are all recapitulated ; the excavations at Nineveh 
and Babylon, the search after the source of the Nile, the joumies across central 
Afirica, the triangulation of India, with many other subjects, are treated in a very 
dear and very complete manner. 

Suioire det tempt modemee, depruie 1458 haqu* d 1789, par V. Duruy, 1 vol. 
ISroo, 1863. This volume forms part of a collection which is often inquired after, 
and which appears under the direction of Mr. Duruy, at present the Minister of Public 
Instruction m France. The present volume is entirely by Mr. Duruy himself, and 
will give some idea of the liberal as well as philosophical spirit of its author. 

This book is a continuation of a series of works by the same author, who is 
especially celebrated for his philosophical spirit and the independence of his ideas 
and opinions. Among his collaborators we find such scholaA as Ch^ruel, Guillemin, 
Preyss and Zeller, from whom we have previously had many publications. 

Xes marinee de France et d^Anglelerre — 181 5-1868, par X. Raymond. — The prin- 
cipal chapters of this interesting work are : Steamers — Floating batteries and iron 
dads — Iron armor and cannon — The conditions of nnval power, <&a 

Abd-el-Kader ; <a vie politique et militaire, par Alex. Bellemare^ 12mo. The au- 
thor, who is a sincere admirer of the Emir, has given careful study to the events in 
which this great man has taken part Being attached to his person in the capacity 
of interpreter, Mr. Bellemare has been able to make a valuable book and one 
which historians my consult with profit. 

A»»ociaiion polytecknique.-^Entretiens populaires; 3d series, 1863. 1 vol. 8vo. 
This new series, following those which we have previously announced, contains lec- 
tures upon the Plurality of Worlds, by Babinet ; upon the Suez ship-canal, by de- 
Lesseps; upon Work and its Influence upon Health, by Dr. Bouchardat; then, the 
lectures upon the liondon Exhibition ; these last were given especially in view of 
Uie " Universal Exhibition" which is to take place in Paris in 1 867, and which will 
be much more universal than any of its predecessors, in that all branches of human 
activity will be admitted thereto. 

Souvenirs d'un prisonnier de guerre au Mexique, 1854-1865, par Vigneaux.'^^ 
The author was one of the adventurers belonging to the party of Roiisst>t-Boulbon, 
and served as its secretary. The book is therefore founded on accurate knowledge 
of this adventurous campaign, at the end of which Mr. Vigneaux found a prison. 

V Intelligence des bStes, par Victor Rendu, 12mo.— The author, being a great 
lover of bees, and having viewed his subject with affecUoti^ \>nx\^ m^ ^'%<^^vii^'<3 
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sncfa facts as testify in favor of the intelligence of these useful insects and other 
Hymenopters. He natunilly concludes in favor of the intelligence of animals in 
general, and gives, in support of his opinion^ some very interesting examples. 

LAnnee Littiraire et l)ramati^ue, par Vappareau, 12mo. — A work of the chw* 
acter of LAnnke Scientifiaue noticed above ; it treats of all the new literary sod 
bibliographical works whicii appeared in France in the year 1862. 

Fratdet et Maladiet du rm, par Jacguen Brun, 8vo, 126 pp. — ^This work, coosd- 
entiously written, indicates the ways m which we may discover adulterations and 
diseases of wines, as well as the process for their analysis, among which are many 
new ones, some of them invehtcd by the author. 

Le Verrier du XIX® nhcle, par Flamen, Svo, 600 pp.— This work is a completo 
treatise upon the manufacture of crown and flint glass, and enamel The author, 
who has for a long time directed a large glass manufactory, includes in this work 
his practical observations and also the secrets of manufacture which have secured 
the success of his glass as well as of his establishment Mr. Flamen is not learned 
—we see it in his book, but he is a practical man, and especially an observer. Hie 
processes not before published take up a large part of the book ; of these he iiae 
mveoted some and perfected many more. 

Nancy, July 6, 1868. 



SCIENTIFIC INTELLIGENCE. 

I. PHYSICS. 

I. On the density of vapors at very high temperatures, — Devillx and 
Troost have communicated the results of their very iDteresting and 
valuable investigation of the subject of vapor-densities. If we consider 
the combining volume of hydrogen as 2, the volume occupied by in 
equivalent of cblorid of ammonium is, as is well known, 8, while the 
volumes occupied by single equivalents of most compounds appear to be 
represented by 4. Many chemists assume that at high temperatures 
cblorid of ammonium is decomposed into equal volumes of ammonia 
and cblorhydric acid so that the o vols, of the former are really a mixture 
of 4 vols, of each of its constituents, and the volume 8 is therefore 
apparent only. At lower temperatures, in cooling for instance, the con- 
stituents recombine. A similar explanation has been given for other 
cases of 8-volume vapors, and Pebal, Wanklyn and Robinson have 
endeavored to show by the direct application of Graham's method of 
diffusion that a separation actually does take place at high temperatures 
inasmuch as small quantities of the 4-voIume constituents were obtained 
in a free state. Deville has now proved, first, that at the temperature 
of 350® C. ammonia and chlorhydric acid combine with evolution of 
heat, so that it is impossible that dissociation can take place at this tem- 
perature. Secondly, that chlorid of ammonium does not decompose at a 
temperature at which ammonia is already in large part decomposed. 
Thirdly, that a mixture of chlorhydric acid nitrogen and hydrogen, 
passed through a tube heated to low redness, does not combine to form 
chlorid of ammonium, even in presence of platinum sponge. Similar 
experiments made with iodid and broraid of ammonium lead to the same 
results. Cyanid of ammonium, which is formed at very high tempera- 
tures by the contact of ammonia and carbon, occupies 8 volumes at 100°. 
Even if this salt did decompose it would not give a mixture of cyanhj- 
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iric acid and ammonia, because both of these are decomposed much 
sooner than, the cyanid. Chlorhydrate of ethylamine is decomposed in 
rery small quantities into ammonia and cblorid of ethyl at high tem- 
peratures, but the gases do not recombine under the circumstances, 
Ueville explains the results of Pebal, Wankljn and Robinson very simply 
by suggesting tbat the process of diffusion produces a decomposition of 
Dompound gases exactly as of liquids and salts in solution. Deville finds 
further that the number of substances corresponding to 8 vols, of vapor 
is much larger than has been supposed. His recent results confirm the 
view already received that sulphur, selenium, tellurium, phosphorus and 
arsenic correspond to 1 volume (H=:2). The vapor density of chlorid 
of niobium, NbCl, (?), corresponds to 2 vols, as well as that of chlorid 
of tantalum, TnCl, (?). Neutral sulphid of ammonium and monohy- 
drate of sulphuric acid give 4 vols, of vapor. The authors in conclusion 
call attention to the danger of basing theoretic speculations on the atomic 
constitution of bodies upon vapor-densities alone. — Comptes JRendus. 

w. o. 
[^ote, — It is easy to see that if the existence of 8-volume vapors be 
admitted, the molecular weights of the elements must be made to cor- 
respond to 8 volumes instead of to 4, provided that we assume, with the 
followers of Gerhardt and Laurent, that the molecules of all substances 
in the form of vapor, occupy the same volume. The molecular weight 
of oxygen thus becomes 64 instead 32, and the molecule must consist of 
4 atoms, each having a weight represented by 16. While the progress of 
science may lead to the adoption of the new atomic weights, it is not to 
be denied that the advantage of simplicity still remains with the older 
view, which admits the possibility of a difference in the atomic volumes 
of different gases. w. o.] 

2. On the work of elastic forces, — In a very interesting and suggestive 
note on the course to be pursued to discover tbe only truly universal prin- 
ciple in physical nature, Lam6 asserts tbat he has recently demonstrated, 
with an unhoped for degree of rigor and simplicity the following proposi- 
tions. The velocity of propagation of a plane wave in any solid diaphanous 
medium must diminish with the length of the wave, this diminution being 
lero when there is no free ether ; insensible in all cases of sonorous waves ; 
very sensible on the contrary in the case of a luminous wave, if the ether 
exists and if the distances which separate the ponderable particles are 
comparable to the breadth of the wave. In other words, in the formulas 
employed the coefficients of elasticity, instead of being constant, must 
contain the length of the wave and diminish with it ; this modification 
is necessary and sufficient. From this second theoretical extension we 
obtain, first, the only rigorous proof of the existence of free ether in 
diaphanous bodies, hitherto admitted a priori and not demonstrated ; 
secondly, the only completely rational explanation of the phenomenon of 
dispersion ; and thirdly, a whole series of new consequences on dispersive 
powers, on the coloration of transparent media, on the real distances 
which separate the ponderable particles and on other points. — Les Mondes^ 
4 Jutn, 1863. w. o. 

3. On the atomic constitution of liquids, — Wiener has given an ex- 
planation of the motion of small particles of inanimate matter in liquids^ 
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long since observed by the English botanist, Robert Brown. Tlie ex- 
planation depends upon the author^s views of the constitution of matt«r 
and of the relations between material and etherial particles. These viewi 
are in themselves worthy of attention as presenting some new points and 
perhaps overcoming difficulties long since recognized. The aathoi^ 
propositions are briefly as follows : 

(I.) Matter consists of material atoms which mutually attract, and of 
etherial atoms which mutually repel each other. Material and ethereal 
atoms repel each other. 

(2.) The heat of a body consists in a condition of vibration of its ethe- 
real atoms and material molecules. 

(3.) With an increase in extent of vibration is connected ; 

a. an increase of living force in the position of equilibrium. 

6. a diminution of the time of vibration. 
' c. an expansion of the body. For if after the position of eqnilibriam 
has existed, vibrations are excited around this, the mean distance of two 
vibrating atoms is still the same as in the position of equilibrium, hoi 
the mean of the varying forces is greater than the force in the position 
of equilibrium, because the forces diminish in some inverse ratio of the 
distances. The mean force therefore increases with the extent of vibratioii, 
and expansion must ensue. 

(4.) The temperatures of two bodies are equal when the times of ribrs- 
tion of the atoms in them are equal. 

(5.) The quantity of heat convoyed to a body is the increase of the living 
force of the vibrating atoms and the work done by the change in the 

position of the atoms. The living force is here defined as n*tv^ ftnd 

not as mv'. 

In the process of fusion heat is absorbed ; the work done is expended 
in changing the physical condition and not in raising the temperatare^ 
This work must be commenced either in overcoming internal forces with 
a change in the position of the atoms, or in producing an increase of 
living force, and must be accumulated in the body in one of these forms. 
The first case cannot occur because an increase in the distance of the 
molecules often does not occur, as for instance in the case of ice, which 
contracts on melting. The work commenced must therefore be expended 
in increasing the living force of the vibrating atoms, but here the diffi- 
culty arises that there is no change of temperature during fusion. 

To overcome this difficulty, Wiener suggests that the difference between 
the two physical states may consist in two different directions of the 
vibrations of the ponderable molecules as compared with the directions 
of the vibrations of the ethereal particles. Thus in the one case the 
two sets of particles may vibrate in the same, and in the other case in 
opposite directions. In solid bodies the direction of the vibration of the 
molecules is opposite to that of the ethereal particles ; in fluids it is in 
the same direction ; the latent heat of liquefaction is expended in increas- 
ing the living force which is necessary to keep the time of vibration or 
temperature unchanged during the inversion of the direction of vibration. 
When the temperature becomes sufficiently high the distance between two 
molecules may become so great that the range of stable equilibrium is 
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exceeded, so that the active force has its direction inverted. The molecules 
then vibrate in the direction of the atoms, and the condition of fluidity 
ia reached while the temperature becomes that of fusion. The new state 
of vibration does not admit of stable equilibrium, and when two molecules 
separate beyond the position of unstable equilibrium the intervening 
etoer must dilate, its repulsion for the surrounding. ether must diminish, 
and this will rush in to supply what may be called the partial vacuum. 
The outer atoms and molecules will follow, and since the cause of this 
motion, namely the great amplitude of vibration, constantly acts, there 
will be a constant motion of the particles with respect to each other. In 
other parts of the liquid the molecules are for an instant within the 
limits of stable equilibrium, and there is therefore a certain amount of 
cohesion. The author proceeds to apply this theory to the motions of 
solid particles observed by Brown : he shows satisfactorily that these are 
not dae to infusoria, to mechanical agitation, to the attraction and repul- 
non of the vibrating solid particles for each other, to differences of tem- 
perature or to evaporation, and ascribes them therefore to internal motions 
Etculiar to the condition of fluidity. In the case of particles whose 
ameter was between 0*0006 millimeter and 0*0014 millimeter, the mean 
velocity was 0*0016 millimeter per second. With larger particles the 
motion was less; thus, particles 0*0023 millimeter in diameter had a 
velocity of 0*0006 millimeter per second. With particles from 0*0014 
to 0*0023 millimeter the motion varied greatly, but was usually consid- 
erably greater than 0*0005 millimeter. With a greater diameter than 
0*0023 millimeter the motion was still less. The author infers from these 
measures that the diameter of the similarly moved masses of water is so 
small as to correspond nearly with the wave-length of red light and still 
more nearly with that of radiant heat, and considers this as a strong 
confirmation of his theory. — Pogp. Ann., cxviii, 79. w. o. 

4. On the absorption of pases by charcoal ; by Dr. R. Angus Smitii, 
F.RJS. — ^The following is a summary of the author's observations : — 

(1.) Charcoal absorbs oxygen so as to separate it from common air, or 

fiom its mixtures with hydrogen and nitrogen, at common temperatures. 

(2.) Charcoal continues the absorption of oxygen for at least a month, 

although the chief amount is absorbed in a few hours, sometimes in a few 

seconds, according to the quality of the charcoal. 

(3.) It does not absorb hydrogen, nitrogen, or carbonic acid for the 
same period. 

(4.) Although the amount absorbed is somewhat in the relation of the 
condensibility of the ga»es by pressure, this is not the only quality regu- 
lating the absorption, of oxygen at least. 

(jT) When it is sought to remove the oxygen from charcoal by warmth, 
caroonic acid is formed, even at the temperature of boiling water, and 
slowly even at low temperatures. 

(6.) Charcoals differ extremely in absorbing power, and in the capacity 
of uniting with oxygen, animal charcoal possessing the latter property in 
a greater degree than wood-charcoal. 

(7.) Nitrogen and hydrogen, when absorbed by charcoal, diffuse into 
the atmosphere of another gas with such force as to depress the mercury 
three-quarters of an inch. 
Ax. Jour. Sol— 49Booin>.SBRiBS, Vol. XXXVI, No. 108,— NoT.^ieea. 
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(8.) Water expels mercury from the pores of charcoal bj an instsnta- 
neous action. 

(0.) The action of porous bodies is not discrimioate but electire. 

Theoretical Considerations. 

(1.) The elective nature of porous bodies may be closely allied to threi 
properties : — 

a. The condensibility of the gases. 

6. The attraction and perhaps inclination to combine. 

e. The capacity of combination. 

(2.) In either case, the attraction which results in condensation of the 
ffas is exercised at distances greater than the distances of atoms or mo- 
lecules in combination. 

(3.) The gases in porous bodies lie in strata, the outside and more dii- 
tant being less attracted than the atoms nearer the solid body. 

(4.) We cannot separate chemical from physical attraction ; but attrte* 
tion may exist without its ultimate result (combination), which is dii- 
tinctlv chemical. 

(5.) It is exceedingly probable that as physical attraction moves on- 
wards to chemical combination it produces the phenomena which have 
been attributed to so-called masses. 

Chemical affinity is supposed to involve an attraction whidi is pordy 
chemical ; we have no proof of any such attraction as a separate power, 
we have only a proof of the combination. Attraction may exist without 
the capacity of combining chemically, or, in other words, without chemi- 
cal affinity. Chemical affinity (a very inappropriate term) is only known 
by combination ; the previous attraction has never yet been shown to be 
of two kinds ; and it seems more in accordance with Nature to diminish 
than to increase the number of original powers. — Proceed, Royal Soc^f, 
Feb. 6, 1863, p. 424. 

[John Hunter, of Belfast has published in the Philosophical Magazi^ 
(1863) p. 364, the preliminary results of a series of researches on thissoh- 
ject, in which be follows the method of Th. de Saussure, by introducing 
heated charcoal into the dried gas over mercury and noting the absorp- 
tion. This part of his paper is devoted to the absorbing power of differ- 
ent kinds of charcoal on ammonia, carbonic acid and cyanogen. 

He found that prolonged heating of charcoal diminished its power of 
absorption, hence all the pieces of charcoal were heated as nearly equally 
as possible. We condense below his main results, giving the mean of 
all the trials reduced to 0^ C. and 760 mm. 



Amraonla. Carb.acld. Cyanogen. 

L(>gwood, 111-8 64*6 873 

Ebooy, 106-7 47.0 89*6 

Camwood, 91*2 46*4 

Oreen Ebony, 90.8 40*8 

Fustic (Cuba), 89-6 680 

Lignum vitae, 89*0 47*2 

Boxwood, 86*6 81*2 28*8 



69*6 



Logwood, ) 
(Jamaica ) \ 
Sapan wood, 69*9 
Beach, 68* 

Rosewood, 606 
Wistaria } ^^^ 
Sinensis, f **^' 
Vegetable ) 
ivory, f 



Ammonia. Carb.acld. CyanofOi. 



SS*8 
82*2 



83$ 
82*2 



606 



67-8] 
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II. GHEMISTBY. 

1. On Anilin dyts^ — Hofmann has made the unexpected observation 
lat chemically pure anilin does not yield coloring matters with oxjdiz- 
^g agents. The same is true of pure toluidin. On the other hand, a 
lixture of anilin and toluidin yields the characteristic colors with great 
icility, and it therefore appears certain that the coloring matters contain 
oth the phenyl and tolyl molecules. Anilin blue has been found by 
[ofmann to have the formula C^QHgjNg; its rational formula is 
!^^H 2^(0 J 2^6)3^31 ^ ^^^ ^^ is to be regarded as rosanilin in which 
iree eqs. of hydrogen are replaced by three of phenyl. Triphenyl- 
3sanilin, or anilin blue, is prepared by heating rosanilin with an excess 
f anilin ; its formation is represented by the equation, 

C^„H„N„ HCI+3C,,H,N=C^,H,e(C„H,)3N„ HCl+SNH,. 

"he free base is a white amorphous substance: the chlorhydrate has a 
luish-brown color and dissolves in alcohol with a magnificent blue. The 
uthor describes several other salts, all of which are uniacid. Reducing 
gents convert triphenyl-rosaniline into triphenyl-leucaniline, which has 
le formula 0^0^18(^12^5)3^8* ^^® iodids of methyl, ethyl and 
myl act readily upon rosaniline, forming new coloring matters analogous 
) aniline blue and containing three equivalents of methyl, ethyl or amyl 
1 place of three of hydrogen. The author promises further communi- 
Ations on the nature of anilin-green, anilin- violet and azulin. — Camptu 
iendus, Ivii, 25. w. o. 

2. On the consHtuiian of American Petroleum. — Pslouzb and Oahoubs 
ave studied the oil obtained at present in very large quantities in Penn- 
f Ivania, and find that it consists essentially of homologues of marsh-gas, 
be lowest terra of the series obtained being hydruret of butyl, C^Uio, 
rhich boils at a little above 0^ C, while the highest term yet studied is 
z^^H^j* I'he authors have obtained from these hydrurets the corres- 
onding chlorids and in many cases the alcohols. They consider it 
Tobable that paraffin is a mixture of still higher terms in the series, 
imilar results have been obtained by Schorleromer, who however finds 
enzol and toluol in the American oils, while Pelouze and Cahours expli- 
itly deny the presence of these substances. — Comptet BenduSf Ivii, 62. , 

w. o. 

3. On Coesium^ separation from Rubidium, — Buksen (Pogg. Ann.^ 
xix, 1) has made further investigations on this rare element. He could 
lot apply Allen^s method to the preparation of pure caesium compounds 
»ecause of ihe small quantity of the element obtainable from the sources 
t his command. He discovered that caesium could be separated from 
ubldium by another plan, which is as follows : In a mixture of pure 
ibCI and Ci«Cl the CI is determined, and from its amount that of Rb 
s calculated. The chlorids are converted into carbonates, and to the 
atter salts a little more tartaric acid is added than is necessary to pro* 
uce neutral tartrate of caesium and bitartrate of rubidium. The mixture 
Iried and pulverized is brought upon a funnel whose neck is stopped by 
k small filter, and the whole is placed in an atmosphere saturated with 
noisture. The neutral caesium salt deliquesces and passes the filter while 
he acid rubidium salt remains behind. 



414 Scientific Intelligence. 

EquivaUnU — ^The csBsiam tartrate was converted into cblorid and the 
latter was purified from traces of KO and LiO, which it acquired from 
the tartaric acid, by conversion into platin-chiorid, washing, dte. Tbii 
operation was repeated six tinaes, the salt being each time analj»i 
The last three results coincided very closely, and from their average the 
equivalent 182*09 was deduced, which agrees with the Dumber obtaiDid 
by Johnson and Allen, viz: 138*03, and fully authorixes the use of the 
round number, 133, as expressing the oombining proportiooal of this 
element. 

Ddiqueteence of CtCL — ^Bunsen further maintains the mceancf of lui 
original assertion that CsGl is deliquescent Johnson and Allen bid 
stated that it was ^ not only not deliquescent but scarcely hygroteop i eJ' 
The observations of both are entirely correct for the droumatanoes ondsr 
which tbey were made. We have since observed pure CeCi to deliquem 
in a few moments on an August day ; while at this writing. Sept S4th, 
the same specimen has been exposed all night to the air in a room with 
open windows, temp. 55^ F., and is in appearapce perfectly dry. Baosn 
rightlv remarks that ^Johnson and Allen appear to have made tbsir 
expenments in a comparatively dry atmosphere, in which aa n known 
many deliquescent salts are unaltered, and therefore overlooked the 
deliquescent character of CsCI.^ The experiments of Johnson and Allen 
were made in the cloudy and foggy but cold weather of November, 
weather which is commonly designated as cfomp, but the real moistneii 
of the atmosphere thev only judged of from sensation. 

CsCl much resembles urea in its hygroscopic relations. The latter 
substance is stated by most recent authors, including those who have bad 
occasion to observe it especially, to be unaltered in the air. Tboi 
Lehmann, Physiological Chemistry ; Gorup Besanez, Zoochemitehe Ana- 
lyse ; Mitscherlich, Lehrhuch ; Gerbardt, on authority of Pelouce, TraiU 
de Chimie Organique ; and Neubauer, Analyse des Hams^ assert that it 
is unchanged by exposure to the air. Gorup Besanez, LehHmek der 
physiologischen Chemie^ 1862, states that it is ^permanent in the air 
but rapidly absorbs moisture." Gmelin mentions that ^according to 
earlier statements it deliquesces in moist air.'* We have repeatedly 
observed that in very moist air urea rapidly deliquesces, though usnslly, 
except in summer weather, it is not visibly aifected by atmospheric 
moisture. 

Spectrum of Ccesium, — Johnson and Allen, in the paper above referred 
to, observed that ** Kirchboff and Bunsen, in the figure given by them 
{Pogg, Ann,, 1861, and Free. Zeitschrift JUr analyt. Chemie^ Heft 1, 1862), 
represent 1 1 lines. We find without difficulty 7 more linea, and observe 
fuither that some of those figured by E. h B., are not mapped in their 
correct position.*' 

In relation to this, Bunsen remarks, '* we regret that Messrs. J. k k, 
appear to have neglected to make an accurate comparison of their spec- 
trum with ours, otherwise they would have easily convinced tliem8el?ei 
that tlie lines mven by them agree with ours as closely as is possible: 
that on the other hand three lines are figured on our plate which do not 
occur at all in the csesium spectrum. Inese lines have been printed on 
a number of lithographs by fault of the lithographer, in consequence of a 
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nitsiidenlood proof tbai was not sent to us for ferision, and lie near 
and to the right of the lines designated by J. A A. as VI, X and XV.** 

Johnson and Allen could but conclude that the colored plate in 
PcffgfndcrJpM Ann^ accompanying the paper of Kircbhoff and Bunsen, 
was a copy of their spectrum as far as the important, i. e., the character- 
iatie and brilliant, lines were concerned. They are therefore scarcely more 
in fiiult in having ^ neglected to make an accurate comparison ^ than 
K. 4 B. are in permitting incorrect spectrum plates to be circulated. 
Fresenius uses the uncorrected chromo-lithograph in the new edition of 
his QumliiaHve Analytic and we have never yet had the good fortune to 
the lines of this element correctly mapped on any colored print 

Bonsen notices at length the inaccuracies of the diagram of J. d? A^ 
as the latter stated distinctly, was intended to give approximativeiy 
the position of the lines on Kirchhoff and Bun^n's scale, and which from 
the oonstruction of the spectroscope they employed would not be exact 

The remark of J. and A. that their ^ line II, nearly coincident with 
m Kthium of Kirchhoff and Bnnsen, and not figured by them, is as bright 
as their y cssium, our VI (f),'' — Bunsen passes over without notice. The 
observation is certainly not an unimportant one, for any person occupied 
in preparing the new alkalies is likely to be embarrassed by a line that 
in small instruments is practically coincident with a lithium, if it be not 
credited to caesium by the authorities. 

Johnson and Allen rightly state that ^ the yellow line VIII, is hardly 
less characteristic of the spectrum of pure caesium than the two bine 
lines. It also is nearly as distinct as any of the green lines when sodium 
la not present in too large quantity, and is much more readily made out 
than the extreme red line 9 of rubidium." This line was wanting in the 
original spectrum plate of K. d? B. Chemists will be glad that Bunsen 
has now ffiven, in connection with the paper we refer to, a diagram of the 
spectra of all the alkalies and alkaline earths, as well as of thalliumi 
which is quite complete, and which, by following his simple directions^ is 
readily and exactly comparable with the spectra of any instrument. In 
thb be figures 16 lines for caesium. s. w. j. 

4. Pruiminary Notieei of a Niw M$tal ; by F. Rsich and Th. Rich- 
TBI. — ^The authors have found a new metal in two Freiberg ores, which 
were composed principally of arsenical pyrites, blende, and some galena, 
together with silica, manganese, copper, and a small proportion of tin 
and cadmium. The ores were first roasted to get rid of the greater part 
of the arsenic and sulphur, then mixed with chTorhydrio acid, evaporated 
to dryness and distilled. The impure chlorid of zinc obtained was 
examined with the spectroscope for thallium. No green line was seen, 
but the authors remarked an indigo-blue line, which was before un- 
known. 

The authors succeeded in isolating the conjectural substance, necessa- 
rily in very minute quantity, partly in the form of chlorid, partly as hy- 
drated ^xyd, and partly in the metallic state. On submitting these^ 
moistened with chlorhydric acid, to the spectroscope, the blue line was 
seen so brilliant, sharp, and persistent, that they did not hesitate to con- 
clude that it belonged to a hitherto unrecognized metal, to which they 
accordingly gave the name Indium. 
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The line mentioned has a perceptibly greater refraneibility than the 
blue line of strontium, and there appears oesides a mach weaker line, of 
still greater refrangibility, which almost, but not quite, reaches the blue 
line of calcium. 

The authors add that as far as they have examined the chemical pro- 
pertif^ of Indium they may safely assert that it is not precipitated from 
an acid solution of the chlorid by sulphuretted hydrogen; that from 
the same solution it is precipitated by ammonia as a hydrated ozyd; tbst 
the chlorid is extremely deliquescent ; and that the oxyd heated on chsr^ 
coal with soda gives lead-ffray metallic beads, which are ductile and very 
soft ; these heated again before the blowpipe give a yellowish coatings 
which on further heating takes no characteristic color with cobalt solo- 
tion. — Journal /ur Praktitche Chemie^ Ixxxix, 441,/rof7i Chemical Newt, 
Bept 12,1863. 

6. On tome new volatile alkaloids given off during putrefaction, — Dr. 
Cracb Caltbrt communicated under this title to the Royal Soc'y (Feb. 
1860) the preliminary results of some investigations on the products of 
putrid wouuds, with reference to the contagion known as hospital gan- 
grene. We have waited the conclusion of his research, but as it has not 
yet appeared we give the main points of his first paper. Failing to ob- 
tain a sufficient supply of the products emanating from putrid wounds, he 
arranged, in each of a number of small casks, twenty pounds of meat and 
fish, mixed with pumice stone to prevent clogging. Two tubes were 
adapted to the top of each cask, one of which supplied air, which was 
drawn through the other from near the bottom of the cask by an aspirator. 
The air in its passage passed through two bottles containing chlorid of 
platinum, which was soon made turbid by the production of a yellow 
amorphous powder. This precipitato collected, washed with water aod 
alcohol, and dried, was found by analysis to contain carbon, hydrogen, and 
nitrogen, but what was remarkable sulphur and phosphorus also entered 
into its composition. The amount of these elements determined quantita- 
tively was 1 1 per cent for the sulphur and 6*01 per cent of phosphorus, of 
the whole precipitate. By heating a quantity of the platinum salt with 
a strong caustic ley, a liquid, volatile and innammable alkaloid was ob- 
tained, whilst sulphur and phosphorus remained cornbined with the 
alkali, and were easily detected. The author is satisfied from twelve 
months research that no sulphuretted or phosphoretted hydrogen was 
given ofi^, and his researches tend to prove that the noxious vapors given 
off during putrefaction contain the nitrogen, sulphur, and phosphorus 
of the animal substance, and that these elements are not liberated in 
the simple form of ammonia, and sulphuretted and phosphoretted hydro- 
gen. As putrefaction proceeds, different volatile bodies are given off. 
The platinum salts, heated in test tubes, give off vapors, some acid, some 
alkaline, of a most noxious and sickening odor, resembling putrefaction, 
while a white crystalline sublimate is formed, which is not salammoniac 
These researches are still in progress and will occupy several yearl. 
Pbotogeapht. — 

6. Selenocyanids in Photography, — Mr. Emerson J. Reynolds has 
atndied the action of selenocyanids in photography, and finds that it is 
aimilar to that of the sulphocyanids. An aqueous solution of sclcno- 
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eyanid of potusiuin gives a white curdy precipitate in a solntion of 
nitrate of silver soluble in an excess of the precipitant, and the same 
solution will remove the trace of silver compounds present in the whites 
of albuminized prints after fixing with hyposulphite. While, however, 
the dilute acids were without action on the sniphocyanids of the alka- 
line metals, they decompose the corresponding selenium compounds. 
Selenocyanid of silver is insoluble in water, nearly so in solution of am- 
monia, and almost unacted on by dilute acids. It is less sensible to 
l^ht than chiorid of silver, but more so than sulphocyanid of silver. — 
SriiUh Journal of Photography^ x, 223. 

7. A process for the reduction of silver waste has been discovered by 
MiLLON and Commaills which promises to be of practical value. It is 
based on the fact first observed by these chemists, that ammoniacal 
mbchlorid of copper precipitates completely perfectly pure silver from 
a solution of nitrate of silver to which a slight excess of ammonia has 
been added. In the first place, the ammoniacal subchlorid of copper 
18 prepared by dissolving 5 parts of black oxyd of copper and 4 parts 
of finely divided metallic copper in chlorhydric acid. When the whole 
is dissolved, an excess of the strongest liquid ammonia is added, which 
produces a clear and colorless or pale blue solution. If it be used to 
reduce an old bath, it is only necessary to add ammonia until the oxyd 
of silver is redissolved, then pour in an excess of the copper solution, 
and collect, wash and dry the pure reduced silver. The same reagent 
may also be used for reducing the silver of an old hyposulphite bath, 
only in conducting this process it is important to observe the following 
precautions: 1st, not to add too much ammonia; 2d, to have the mix- 
ture greatly diluted ; 3d, to allow sufficient time for the finer metallic 
particles to settle completely to the bottom. — London Journal of Pho- 
tography, X, 246. 

8. Sulphocyanid of ammonia as a fixing agent, — Experiments have 
been made by G. W. Simpson and Mr. Lewftsky on sulphocyanid of 
ammonia as a fixing agent, employing a saturated solution of the salt 
for the purpose. The results seem to indicate k marked superiority 
over hyposulphite of soda, both as to the sharpness and the permanency 
of the print. The comparatively high price of the salt must, however, 
for a lon^ time prevent its general use, but Messrs. Gavin and Cie an- 
nounce that they can furnish it for four francs the kilogram (about 
thirty-seven cents a pound), and it seems highly probable that with a 
large demand the price may be still further reduced. — British Journal 
of Photography, x, 247, 264, also Le Moniteur de la Photographic^ 
3« Ann6e, No. 5, p. 35, and No. 7, p. 51. 

9. Bedevelopers. — (a.) Mr. Blanchard recommends for redeveloping 
negatives : 

Green vitriol, .... 1 gramme. 
Citric acid, .... 2 " 
Water, 100 " 

This intensifier is used just like the pyrogallic acid solution, adding to 
it a small amount of solution of nitrate of silver, and pouring it on the 
negative already developed with the usual iron developer. The. advan- 
tages claimed over pyrogallic acid arc that the solution keeps better 
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(improTefl, indeed, with age), and does not stain the nq^BtiTe, and tkit 
the silyer is deposited in a finer condition. 
(6.) Mr. Simpson recommends the following formula : 

Oreeo Titriol, . • , . ft grammas. 
Tartaric idd, • • . . 1 ** 
WaUr, 160 " 

A mixture of this solution with nitrate of silver remains clemr until Ml 
intensity is ohtained. 

(e.) Mr. Linsay uses for developing the negative the nsoml iron ds- 
reloper, and then adds to it, for intensifying, a small qomntity of tlM 
following solution : 



Citrie acid, . . . . S grammaa. 

NitraU of lilrar, ... 8 
DtatiUad watar, . .100 



M 



— Z« MoniUur de la Phoiographie^ 8* Ann^e, No. 9, p. 67. 

[We have used a formula similar to the last with the best results.— 
J. p. 0., JR.] 

{d,) To these we may add the following formula from Mr. Liefeit, s 
French photographer residing at San Francisco, of a developer whkA 
at once gives to n^^atives on a bromo-iodiied collodion all the intensity 
desired. Dissolve together 



Oreao vitriol, 




Purified nitre, . 


7:60 « 


Water 


. 420 


Add Acetic acid, No. 8, 


80 


Alcohol at 32^ . 


7-60 * 


Silver bath at 10 p. c. 


. 16 



— Le Mbniteur d$ la Photographie^ 3* Ann^e, No. 7, p. 49. 

(e.^ Mr. Cbarles Waldak recommends the following developers for 
positives on glass, the first rendering the whites dead, and the second 
making them brilliant and metallic : 

/Vr tht dtad whiiet. 

Green vitriol, 6*80 grammes. 

Water, 177-00 

Acetic acid. No. 8» . . . . 7-00 

Alcohol, 6O0 

Pure nitre, 8<00 



M 
« 
« 
M 



jFbr hrilliant or mttallie wkiitt. 

Green vitriol, 4*60 

Water, 860^)0 

Acetic add, No. 8, 8-ftO ** 

Alcohol, ft-SO *■ 

Pure nitre, l-7ft •• 

Solution of nitrate of iilvar (ordinary bath), 1-76 " 

Nitric acid, fO drops. 

The second, of course, acts less rapidly than the first 
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5. MUeettanutmifaeU. — Among the other &cta worthj of notice in 
cent photognraphic joarnals are : — 

(1.) Use of formic acid in developer for inetantaneoiis viewi^ bat with 
mewhat discordant testimony as to its valae. 

(2.) Methods of separating the albuminous film from the positive 
int and applying it to the surface of porcelain or other ware, when 
le gold and silver image may be burnt into the enamel. Similar 
fects have also been obtained with carbon prints. 

(3.) Substitution of the double sulphate of iron and ammonia for 
reen vitriol in the developer ^5 parts of the salt, 20 parts of No. 8 
:etic acid, to 100 parts of water), which is said to have important ad- 
intages over the usual developer. 

(4.) In the wet process, after removing the plate from the silver bath, 
nking it in a large bath of distilled water, and, just before using, dip- 
ing again in the silver bath. The sensibility is said to be thus in- 
'eased 50 to 100 per cent, and freedom from pin holes and stain to be 
3tter insured. 

(5.) A new process for printing positives is said to have been in- 
mted by Mr. Wothly, in which chlorid of silver is replaced by less 
cpensive materials, and the cost reduced 70 to 80 per cent, wiUi the 
sry great increase of sensibility ; but the details were not given, as 
le aathor wishes to secure his interest by patent 

(0.) The use, in the tannin process, of acetic acid in the silver bath 
I to 4 per cent of cry stall izable acid). The same photographer, Mr. 
eissnre, recommends the use of a large amount of acetic acid in the 
eveloper, which protects the white of the image, and also dipping 
le plate in the silver bath just before developing, and after it has been 
ipped into dbtilled water. j. p. c, jr. 

III. AGRIOULTUBAL CHEMISTRY. 

1. On the ftrtiUzing action of Gypsum, — DsHiRAnr, in a note pre- 
inted to the Academy of Sciences at Paris (Compta BenduSj 18 May, 
863), gives the results of some new studies on this much discussed 
nestion. The idea that plaster favors the production of nitre in the soil 

not sustained by Deh6rain*s experiments, as he found that nitrification 
ent on as slowly in plastered soil as in soil destitute of gypsum.' He 
Iso found that gypsum is without influence in assisting the formation of 
mmonia in the soil, and unlike caustic lime, does not favor the solution 
f phosphates. 

Convinced that the fertilizer in question operates almost exclusively by 
a effects upon the soil, and observing that those crops which are most 
enefitted by plastering, viz : the Leguroinosse, contain a large amount of 
otash, Deh6rain was led to inquire whether gypsum exercised any 
>Ivent effect on this substance in the soil. For this purpose a variety of 
jils were examined, 1st, in their natural state, and 2d, after mixture with 
per cent of gypsum, — this large quantity being employed to bring 

' The practice of farmers in some parts of Switzerland (Berne) sufficieDtly iodicataa 
lat gypsum has a preservative instead of an oxidizing effect on organic matters. 
y its use, stable dung, it is said, may be kept quite fresh and unaltered for a whole 
3ar, though it acquires an odor of sulphuretted hydrogen. 8. w. t, 

▲m. Joua. Soi.— SicoifD SxBiss, Vol. XXXVI, No. 108.— Nov., 1808. 

S4 
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6tit kiif re^tilt ih^ more sensibly. Some of the soils were also limed, 
but, while in the plastered soils a decided quantity of potash was niadfl 
soluble in cold water, in the limed soils no such effect was produced. 
The subjoined table includes Deh6rain's results : — 

Orammes ofpotcuh extracted by cold water from 1 kilog. ofair^dried wL 



Boili. 


From the From the 

Dorm&l plastered 

•oil. loil. 


DiiTereiioe. 


DontkneTtki 
experiBcit 


Black earth of Russia, Ttehemotem, 


0048 


0-186 


+ 0089 


4 mooUis. 


u 


0t)48 


0-140 


-fO-092 


16 days. 


M 


0048 


0-288 


4-0240 


1 moatfaL 


U 


0.048 


0-428 


+0880 


H • 


Blaek earth, another tpedmen, 


0-128 


0-188 


+0 010 


1 


Soil from Chapelles, 


0017 


0-116 


+0098 


1 


** Vercllves (asparagus bed)/ 


0-487 0-666 


+(K)69 


1 « 


** ttio-Parana, 


0008 0-067 


+0-064 


1 - 


•* Sologne, 


0-192 0-202 


+0010 1 


1 


" JardiD des Plantes, 


0046 ' 0-356 


+0-809 ' 


S4hoan. 



The above experiments were made on such soils as happened to be at 
hand. Other trials were afterwards instituted on such soils as experience 
bad taught were either considerably benefitted or quite unaffected bj 
plastering. The results were as follows : — 

Grammes of potash extracted by cold wUer from 1 Jcilog, of air-dried aoil 



Soils. 


Potash in Potash in the 
the normal plastered 
soil. soil 


Diffeieaee. 


DviatioBsf 

tlieexpcii- 

sseaL 


Soil from Eragny — Deyer plastered. 
** Alfort 
" Gueritaude — plastered with 

great advantage, 
" Gueritaude, another specimen, 


0-084 
0082 

traces, 
traces. 


0-105 
0-192 


0-105 
0-192 


12 hours. 

M U 



Deh6rain remarks that these experiments fully establish the fact that 
gypsum acts by liberating potash, and explaius why wood-ashes are often 
substituted for plaster to advantage, for they afford a direct supply of 
potash : finally, he gives as a reason of the utility of sowing plaster on 
the growing crops, that the potash is rendered soluble at a time when the 
plant can take it up, and is not washed out of the soil as it might be(!) 
if the latter were not occupied by vegetation. 

In regard to the mode in which gypsum favors the solubility of potash, 
Deh^rain refers to the experiments of Huxtable <fe Thompson, Way, and 
Brustlein, on the absorptive power of soils, who found that the soil, while 
it retains in solution, certain substances that may be brought in contact 
with it, allows others to pass through more or less completely. In re- 
peating these experiments, Deherain found that plastered soils in general 
permitted the filtration of saline matters more readily than normal soils, 
and this effect was especially true of carbonate of potash. In a compa^ 
ative experiment made on plastered and unplastered soil from Indre-et- 
Loire, put in contact with carbonate of potash, the result was that the 
normal soil retained all but traces of alkali, while the plastered soil 
allowed 0-472 grin, to pass it 
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Other researches led to the discovery that hiearlxmaU of poUuh ii 
arcelj more retained by normal than by plastered soils. 

j^ote. — We venture to assert that the action of gypsum upon the soil 

more complicated than appears from Deh^rain's experiments, and it is 
reatly to be regretted that his analyses were not extended to embrace all 
le changes effected by gypsum. Dietrich, in an extended study of the 
»lvent influence of various agents on soils and rocks, has anticipated 
'eh^rain in the discovery of the general fact that gypsum liberates alka- 
68 from some of their combinations which may occur in the soil. He 
mnd that sulphate of lime kept in moist contact with powdered basaltic 
x;k for a few days makes soluble a considerable amount of alkalies. 

In his experiments, 100 grms. of powdered basalt were mixed with 

and another equal portion with 20 grms. of gypsum, and the mix- 
ires were kept moist at the ordinary temperature for ten days. Each 
fixture was then treated with its own weight of water and immediately 
Itered. In the first solution were found 0*125 grm. and in the second 
>lution O'llo grm. of alkali-chlorids. In another experiment 100 grms. 
asalt-powder were boiled hours in 800 c. c. water with 10 grms. gyp- 
im. In the filtered liquid were found 0*837 grm. alkali-chlorids. — Jour, 
ir Prakt. Chem,, Ixxiv, 129, 47. 

The mode in which gypsum acts in liberating potash doubtless belongs 
» that class of substitutive reactions which Way and Eichhorn first dis- 
nctly brought to notice. The writer, in an article on ** Some Points of 
Lgricultural Science" (this Jour., July, 1859, pp. 71-85), gave a notice 
r the researches of Way and Eichhorn, and adduced other instances of 
milar actions. Wolff found that the ashes of buckwheat straw which 
as raised on a soil manured with common salt contained less chlorid of 
>dium and more chlorid of potassium than ashes grown on tlie same 
>il without this addition, a displacement of potash by the soda having 
ccurred in the soil. Eichhorn found a similar substitution of soda and 
mmonia for potash in a soil by treating it with solutions of common salt 
nd carbonate of ammonia, ( Wildd*s Centralblatt, 1858, ii, 171). These re- 
tilts were confirmed and extended by Dietrich, loc.cit.^ by Voelcker (Jour, 
lay, Ag, Soc, of Enff,\ and by all other investigators who have made 

thorough study of the absorbent power of soils. From these and other 
lets mentioned in the paper referred to, the writer concluded as follows : 
However complicated and obscure these reactions may be, it is plain, 
bat, henceforth, Ike effect of a solution of one base in displacing other 
ases from native hydrated aluminous and ferric silicates, and of one add 
pon the compounds of other acids with oxyd of iron and alumina, must 
e considered in the theory of the action of saline manures^ 

In a course of lectures on Agricultural Chemistry, delivered at the 
mithsonian Institution, the writer remarked that — "the facts brought to 
ght by the researches of Way, Eichhorn, and Voelcker, already described, 
idicate another general mode by which fertilizers, especially soluble 
aline bodies, may operate indirectly. The investigations referred to 
bow that the bases (and acids?) ipay replace each other in insoluble or 
lightly soluble combinations, t. f., soluble lime may displace insoluble 
otash, making this soluble and becoming insoluble itself. Soda may, 

1 the same manner, displace lime or potash, or ammonia, the rule being 
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that tlie body tn exeen goes into oomtnnatioiiY and expds those before 
combined. We observe here a tendency to bring all the bases into what 
we may designate as an equilibrium of solution. This principle appesit 
adapted more than any other yet discorered to generalize the phenooeos 
of indirect action, and to enable us to foresee and explain them.^^-jSMfA- 
jofitaM Beport for 1659, p. 192. 

Further investigation will very likely demonstrate that the solvent 
effects of gypsum are not confined to potash, but dso extend to magnena 
and in some cases also to phosphoric acid. 

There is another mode in which gypsum acts thai in many casei ii 
perhaps no less influential than the one just noticed. In the writer*s 4tli 
Smithsonian Lecture (p. 191 of the Beport) may be found the (bUowisg 
passages: 

^ Gypsum, common salt, carbonate of lime, nitrates of potash and sods, 
and in fiict all the saline compounds which are incorporated with the toil 
in manures, may exert important physiological effects on the phut ia 
addition to their mere nutritive function. 

The transpiration of water through the plant is very remarkaUj 
hindered when lime, potash, or the salts just named are present in the 
absorbed liquid. This fact, observed for ^e first time by Mr. Lawes, ia 
1850, and recently brought again more strikingly into notice by Dr. 
Sachs, of Tharand, Saxony, appears to be of great importance in the 
theory of manures. Dr. Sachs experimented on varions plants, vis: 
beans, squashes, tobacco, and maize, and observed their transpiration in 
weak solutions f mostly containing one per cent) of nitre, common salt, 
gypsum, (one-fiftn per cent solution) and sulphate of ammonia. He also 
experimented with maize in a mixed solution of phosphate and silicate of 
potash, sulphates of lime and magnesia, and common salt, and likewise 
observed the effect of free nitric acid and free potash on the squash plant 
The young plants were either germinated in the soil, then removed from 
it and set with their rootlets in the solution, or else were kept in the soil 
and watered with the solution. The glass vessel containing the plant and 
solution was closed above around the stem of the plant by glass plates 
and cement, so that no loss of water could occur except through the 
plant itself, and this loss was ascertained by daily weighings. The result 
was that all the solutions mentioned, except that of free nitric acid, 
quite uniformly retarded transpiration to a degree varying from 10 to 90 
per cent, while the free acid accelerated the transpiration m a correspond- 
ing manner. 

As the processes of elaboration — the chemical and structural meta- 
morphoses going on within the cells of the plant — require time for their 
performance, we can easily perceive that a too rapid upward current of 
liquid, by diluting the juices, might measurably interfere with the assim- 
ilation of the food, and that the presence of a body may be no less usefoi 
by its regulating influence on the circulation of the water than by coa- 
tributing an ingredient necessary for the formation of the substance of 
the plant itself. 

It is also obvious that if a substance added to the soil retard the trans- 
piration of water through vegetation, a given store of hyg^roscopic moist- 
ure in the soil will serve me needs <^ vegetation longer — will leadi 
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farther into time of drought than it otherwise could. Dr. Sachs found 
that gypsum exerted tbe greatest effect in preventing loss of water, and 
this observation gives a scientific ground of evidence to the opinion long 
maintained among farmers, but rejected by men of science (and very 
properly, as no cause could be discovered for such an effect, and the effect 
18 not capable of measurement in field culture), that gypsum has the 
influence of a body that attracts moisture.'* 

Since the above was written, we find that Liebig has also anticipated 
Deh^rain in the discovery that potash is liberated from tbe soil by the 
action of a solution of gypsum. From 1 000 grms. of soil from a wheat 
field, 3 liters of pure water extracted *0243 grm. of potash, while the 
aame amount of saturated solution of gypsum removed from the same 
quantity of soil '0436 grm. or nearly twice as much potash. Die Natur- 
peeeUe dee Feldbauee^ p. 360, 1862. Liebig also observed {loe. cit.) that 
magnesia is liberated by gypsum to a considerable degree. His resulta 
are given in the following table. 

From 300 grms. of soil are dissolved by a liter 

of dlttUled vrater. of fypsum water, 

frms. of maffnevio. 

Soil of Boeenhaiifen, ... 

" Scnleiasbein, ... 
Subsoil of BogenhsuseD, ... 
Soil of Botanical Oftrdeo, 

" Bogenimuteii, No. I,' unpUwtered, 

* ** No. II,' plastered, 

•* Schombof, .... 

" Alabama cotton field, - 

Liebig contents himself with communicating the simple results of his 
experiments without venturing to draw any definite conclusions from 
them. We remark that they fully confirm our views above expressed. 

8. w. J. 
IV. MINERALOGY AND GEOLOGY. 

1. On the phospkatic (or guano) rock from the Island of Somhrero^ W, /. 
— ^A specimen of the pbosphatic rock from the Island of Sombrero has 
been described by Dr. T. L. Phipbon* as a new mineral species under the 
name ** SomhreriteP 

The characters given by Phipson are as follows : — 

** Sombrerite presents itself in nature as a white, yellowish white, or 
reddish colored rock, having a straight fracture, and, in some portions^ 
a peculiar horny aspect ; its appearance is, in general, compact, though 
in reality the rock is very porous. It shows no signs of crystallization 
whatever, but appears like an amorphous, gelatinous phosphate that has 
been submitted to a high temperature. It is thought to be of com- 
paratively recent geological origin, as it encloses fossil bones (of mam- 
malia ?) and several kinds of shells. In a mineralogical point of view, 
sombrerite is a compound of phosphate of lime with phosphate of 
alumina ; in some specimens a portion of the alumina is replaced by a 
corresponding proportion of sesquioxyd of iron ; in others, where littie 
or DO iron is present, thcT mineral adheres to the tongue like other 

* This toil 18 one whose productivenesa is greatly enhanced by plastering. 

* Jowmal ofth$ Chemical Soeieiy, zv, 277. 
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aluminiferons minerals. Sombrerite is not phospborescent by heat liln 
apatite; before the blowpipe, when moistened by sulphuric acid, it 
colors the flame pale green. It contains no fluorid or chlorid of calcium. 
The specific gravity of sombrerite is 2*52. A well chosen specimen 
has gi?en me the following composition : — 

Atomic ratio. 



/ -- 



Water, 900 1*00 20 

Phosphate of lime Oa'P, 66*00 0-41 8 

Pho8phate of alumina ^3r^ .... 1700 006 1 

Carbonate of lime, 6 00 

Chlorid of sodium, 1*44 

Sulphate of lime, 1*86 

Silica, 1-00 

Crenate of ammonia, Ac 020 

100-00 

The formula of sombrerite is therefore sCB?P+il^P^+206J" 
Dr. Pliipson asserts that this compound forms a large portion of some 
am all islands in the West Indies, especially of Sombrero Island. As 
this statement is at variance with the facts known to those who have 
had the opportunity to see any considerable amount of the phosphatic 
rock from Sombrero, we here insert the following observations on Dr. 
Phipson's article, communicated to us by Mr. Alexis A. Julien, resident 
chemist at Sombrero. 

2. Observations on the Sombrero Guano ; by A. A. Julibn. — ^In antici- 

?ation of a paper on the subject of the guano Island of Sombrero, which 
hope soon to present, it is proper for me, from my peculiar advantages, 
to point out some of the errors into which pr. Pliipson has fallen in this 
proposal to distinguish the Sombrero guano as a new mineral species. 

He commences by saying: "This mineral forms a large portion of 
some small islands in the West Indies, especially of Sombrero Island.** 
The only other islands in the West Indies, besides Sombrero, on which 
the rock guano has been found to occur, are Les Monges, El Roque, etc^ 
off the coast of Guiana and Venezuela. The composition of the rock 
guano, however, from these islands is very variable, and", as the published 
analyses show,' difl'ers materially (except in general character) from that 
of the Sombrero guano, and altogether from the representative analysis 
for "Sombrerite" which Dr. Phipson ofiers further on. 

In the course of the brief and very imperfect description of the physi- 
cal characters of the Sombrero guano given by Dr. Phipson, he says: 
" It shows no signs of crystallization whatever, but appears like an 
amorphous gelatinous phosphate that has been submitted to a high tem- 
perature." I have recently, however, discovered in certain localities 
small but perfect crystals of bone phosphate of lime, (together ^iih a 
small proportion of carbonate of lime and phosphate of magnesia,) in the 
examination of which I am now engaged. Again, there is a natural 
division of the Sombrero guano into two varieties. One of an oditk 
structure, of a great variety of colors, and containing, in addition to the 
bone (3CaO, P6») and neutral (2CaO, HO, PO^) phosphates of lime, die 



' This Journal, [2], xxii, 299. 1866. Proc. Phil. Acad. Not. Sci^ March, 
This Journal, [2], xxin, 120, 1857. Appleton^s JSncyc, article " Guano." 



1867. 
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pbospbates of alumina, iron, and magnesia, organic matter, silica, etc. 
Tbe other variety, generally of a broad concretionary structure, is of a 
vbite or yellowisb-white color, containing a little carbonate of lime, sul- 
pbate of lime, etc., but especially abounds in bone phosphate of lime. 
From these and other evidences, it is almost certain that the former more 
nearly resembles the original deposit and is the older of the two ; while 
the latter is far more uniform in composition. These varieties are so 
characteristic that it would be diflScult to find a block of this guano of a 
cubic foot in dimensions in which one or both of them would not be 
perceptible. The term " amorphous " can only be applied to those com- 
paratively rare varieties in which these characteristics are mixed, or 
entirely indistinguishable on account of the uniformity in color of the 
oolitic grains and their cement. Again, as the guano is interlaminated 
with ordinary coral limestone, and I have found all the phenomena it 
pi%sents to be plainly attributable to atmospheric agents, there is no call 
for the conjecture of a " high temperature," nor for the following strange 
theory proposed in the latter part of the article : " I look upon this 
rock as having found its way to the surface at a high temperature, in 
contact with water or steam, and under great pressure." 

The "several kinds of shells," which Dr. Phipaon then mentions among 
the fossils enclosed in the guano, belong entirely to the coral limestone 
which is very generally converted into phosphate of lime, wherever it is 
in contact with the masses of guano, or has been exposed in the veins to 
percolating guano solutions. The only synchronous fossils of the gnano, 
yet discovered, are a variety of bones, the shells of a crab, rootlets, and 
a small coral. 

As a representative analysis of " Sombrerite," Dr. Phipson oflfers that 
of '*a well chosen specimen," — the absurdity of which exprescjion will be 
understood from what has been already stated. The Sombrero guano 
is as variable in composition, particularly in its content of earthy phos- 
phates, as any other phosphatic guano, and as little entitled to rank as a 
new species. Dr, Phipson cannot possibly have examined with any care 
a single cargo, — I venture to say, not even a single ton ; for there is no 
natural standard by which a representative specimen could be *^well 
chosen " or chosen at all. 

Further, Dr. Phipson does not inform us of the methods used by him in 
his analysis. This omission is unfortunate when we take into account 
the prevailing uncertainty among chemists as to the most exact mode 
of estimating phosphoric acid, in the presence of lime, iron, and alumina, 
also on account of some other curious results arrived at. Firstly, as to 
the 9 per cent of water: it is to be presumed that the *' well chosen speci- 
men" was carefully dried to remove moisture, which varies several per 
cent in different varieties. It is also to be presumed, from the analysis, 
that "Sombrerite" contains no neutral phosphate of lime, ^ith which a 
part of this 9 per cent of water may be combined,' and that the two 
equivalents of water, combined in the '* sulphate of lime," have been 
deducted from the gross amount. The variety of this guano which I 

' Notwithstanding that the presence of phosphoric acid in the filtrate, after long 
washing with hot water, has proved the existence of this salt in at least some com- 
mon varieties. 
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have described as of concretionary structure especially predomiiialtt 
throughout the southern part of Sombrero Island, and over one-half o« 
cargoes are composed of it. It contains on an average 88 to 85 per 
cent of bone phosphate of lime — less than (me per cent of pho9fka.Uef 
alumina and often none. We may very properly ask if this fact is to ba 
entirely ignored in the consideration of the composition of '^Sombreriis"! 

The article concludes with the following objection to the use of thb 
guano in the manufacture of superphosphate of lime : ^ In producing tlis 
latter, Sombrerite gives rise to a certain quantity of sulphate of alainiiia» 
and this salt, being deliquescent, attracts and retains so ranch moistiin 
that the product can be dried only with great difBculty,'* — an objeetioi 
applicable with the same force to the 1*44 per cent of similarly deliqae>> 
cent chlorid of sodium. But every practical chemist is aware that hi 
this manufacture only a portion of the phosphate of lime of the matsriil 
is ever intentionally and actually converted into superphosphate. It c&b- 
not be that Dr. Phipson supposes that this ** sulphate of alumina" cas 
be formed and exist in the presence of an excess of bone-phosphate d 
lime. Finally, he has but to consult that same ^manufacturer of super 
phosphate of lime" to learn how utterly groundless is his objecticmai 
fact as well as in theory. 

Such of these observations as depend merely upon my own statement 
I shall hereafter more fully elucidate. We may safely oonolade that a 
material so heterogeneous as the Sombrero guano does not possess the 
uniformity of composition requisite for distinction as a mineral species. 

2. On the nature ofJadCy and on a new mineral species described hff 
Mr, Damour ; by T. Stkrry Hunt, F.RS. (From the Comptes Bendut 
of the French Academy of Sciences, Jut^ 29, 1 863). — " The name of 
jade was given by the elder De Saussure to a compact whitish minenl 
from Switzerland, which, as it occurs in rolled masses on Lake Leman 

greneva), was called by Delameter, lemanite, and had been described bj 
aUy as a variety of feldspar, forming with smaragdite the rock to whidi 
the founder of crystallography gave the name of euphotide. This jsde, 
according to De Saussure, scratched quartz and had a specific gravity 
of 3'32-3'40. It was not attacked by acids, and yielded De Saussare 
by fusion a soft glass, having a density of 2*8. The younger De Saussare 
afterwards gave to the jade described by his father the name of Saussurite. 
Subsequently to this, Boulanger, and afterwards Delesse, submitted varie- 
ties of euphotide for examination. These chemists mistook for saussonte 
a white mineral often presenting the cleavages of a feldspar attackable 
by acids, and having the composition of labradorite, with which the jade 
of De Saussure was henceforth confounded, so that the name of euphotide 
became a synonym for a variety of diorite or hyperite. (Rose, lyHalloy, 
Senft)." 

^ Mr. Damour showed some years since that certain ornamental stones 
from the East, known by the name of jade, had the composition of a 
compact hornblende or tremolite, and a density of 2*97. This substaooe 
was however far removed alike from the jade of De Saussure and tbe 
feldspars of Delesse, and I was led, about four years since, to make an 
examination of authentic specimens of the euphotide of Switieriasd 
(from the Valley of Sass, Mont Rose), which were kindly furnished by 
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Prot Gvjot. The multo of mj reseiirebea appeared in March, 1859, in 
a memoir upon Euphotide^, in the Aroerican Journal of Science, [2], vol. 
zzrii, p. 836. I there showed that the jade, which forma the base of the 
true enphotidea, poaaeaaes all the characters ascribed to it by De Sauasnre. 
It has a density of 8*38-8*38, a hardness equal to quarts, and is only 
attacked by acids after being heated to whiteness. This mineral is alwaya 
aompact, tough, with a somewhat conchoidal fracture. Its color is whitish, 
with shades of green, blue 6r red. It sometimes encloses lameli» of a 
tridinic feldspar, which is attacked by acids and resembles labradorite ; 
ita presence serves to explain the error of those who have confounded thia 

r*«8 with the true jade or saussurite of euphotide. The saussurite waa 
accompanied, and often penetrated, by a silvery talc, sometimes with 
actinolite. The smaragdite of the euphotide is a grass-green pyroxenei 
aometimes mixed with hornblende, and yielding, by analysis, chrome, 
nickel, and traces of cobalt" 

** The analyses of two specimens of the jade from the euphotide of 
Monte Roaa (density 3*83 and 3-88) showod it to be a silicate of alumina 
and lime, with two or three hundredths of soda, giving for the oxygen 
ratioe of the ailica, alumina, and protoxyd, nearly 3:2:1, which are 
thoae of meionite (a speciea belonging to the family of the wernerites) 
and also of soisite. Tne saussurite is however by its specific gravity, ita 
bardness, and its chemical characters, far removed from the wernerites, and 
related to the family of the garnets, epidotes and aoisites. I therefore 
referred it to this last species, the jade of De Saussure." 

**In the memoir from which the foregoing results are cited, I insisted 
upon the relation of isomerism, or rather of polymerism, which exists 
between meionite and zoi»ite,^and I remarked that the augmentation of 
hardneas, of density, and of chemical indiffeirence which is seen in this 
laat apecies, is doubtless to be ascribed to a more elevated equivalent, or 
in other words, to a more condensed molecule. These different degreea 
of oondenaation, which are conntantly kept in view in the study of organic 
ehemistry, are besides, as I have already elsewhere shown, of great im- 
portance in mineralogy, and will form the basis of a new system of classi- 
fieation, which will be at the same time chemical, and natural-historical. 
(ChmpieM Rendui, 1855, xli, 79).. The different rhomboliedral carbon- 
apara, kyanite and sillimanite, hornblende and pyroxene, offer in like 
manner examples of different degrees of condensation, and by their 
chemical composition belong to series, the terms of wliifh, like those of 
the hydrocarbons nC2H2, are both homologues and multiples of the first 
term. At the same time each one of these carbonHtes and silirstea 
belongs to another possible series, the terms of which differ by nM202, 
corresponding to more or less basic salts." 

** Meionite, with the rat'os 3 : 2 : 1, is the most basic term known of 
the series of the wernerites. The proportion of silica in these minerals 
augments until we find in dipyre the ratios 6:2:1, with dens^ity which 
does not exceed 2*66. We might then expect to find a silicate which 
should be to dipyre, what zoisite or saussurite is to meionite, and Mr. 
Damour has recently had the good fortune to meet with such a mineral in 
a specimen of jade from China, of which he has recently given the descrip- 
tion and the analysis (Comptes Rendus, May 4, 1863). This substance 
Ax. JouB. Sci.— Second Sbriss, Vol. XXXVI, No. 108.— Nov., 1868. 
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oloselj reseroblet in its physical and chemical characters the laiusanCiai 
jade of Monte Rosa, of which it has the density (8*34, Damour). It ii i 
silicate of alumina, lime and soda, and gives the same empirical chemiol 
formula as dipyre. We may then expect to find between sauasorite sii 
this new species, to which Mr. Damour gives the name of jaddU^ otlMr 
jades having formulas which will correspond with the wernerites interns^ 
diate between meionite and dipyre. Mr. Damour has just enriched tki 
science of mineralogy with a new species, which from the consideratioai 
above given assumes a high importance. By its hardness^ its specib 
gravity, and its indifference to acids, jadeite is completely separated froa 
the wernerite group, and takes its place along side of zoisite or sattssaiit% 
with the garnets, idocrase and epidotes. The following table will sent 
to show the relations of the new species : 

Density, about • - - 2*7 9*3 

Ratio 8:2:1, - - Meiooite. SaoMorito. 

Ratio 6:2:1, - • Dipyre. Jadeite.* 

To the above translation we add from the original paper of Mr. Damoir, 
already cited, the following details. The new mineral, which is broogkt 
from China, in the form of carved ornaments, has a fine ereen color, lib 
that of chrysoprase, bordering on an emerald-green. It is somewhat 
translucent, with a scaly fracture, and a texture which is finely lamellir 
and occasionally somewhat fibrous. Its hardness is between that of ortho* 
dase and that of quartz. Before the blowpipe it fuses readily into s 
transparent blebby glass. Its analysis by Damour gave 

Silica, 69-11 

Alumina, •- 22-58 

Soda, and a trace of potash, 12*98 

Lime, 2*68 

Magaesia, 1*16 

Protoxyd of iron, 1*66 

100-07 

In his published note Mr. Damour was disposed to class this new min- 
eral with the wernerites, but subsequently, in a private letter of the 9tii 
July, he agrees with me in placing it near the epidotes, and adds the 
important observation recently made by Des Cloizeaux, that jadeite 
presents two axes of polarization. This species, unlike the saussurite, is 
not attacked by acids after fusion, a fact which is to be ascribed to the 
greater proportion of silica which it contains. Mr. Damour found for 
the specific gravity of three specimens of jadeite the numbers 3*33, 3*34 
and 3*35. 

Montreal, Aug. 12, 18S8. 

3. Geological Survey of Canada^ — Report of progress from its com- 
mencemenl to 1863 ; illustrated by 498 wood cuts in the text, and accom- 
panied by an atlas of maps and sections. Montreal : Dawson, Brothers, 
1863. — The annual Reports of the Geological Survey of Canada have from 
time to time been noticed in this Journal. The large volume just now 
issued consists of a general review of the results thus far obtained in iti 
various departments ; in stratigraphical geology by Sir Wm. K Logan, 
and his assistant Alexander Murray, in paleontology by Mr. £. Billings, and 
in mineralogy, lithology and chemistry by Pro£ T. Sterry Hunt Ai 



Mineralogy and Otology. 439 

should be expected from such a oorpe, every part of the volume it the 
result of thorough and laborious research. The volume commences with 
a geographical description of the country, and of its relations to the fea- 
tures of the continent It then takes up the geology of Canada, and, 
commencing with the Laurentlan system, gives full details as to the struc- 
ture, distribution, etc., of the formations in order. Numerous figures and 
descriptions of fossils are introduced in connection with the account of the 
successive fossiliferous strata, making the work one of great value as an 
exhibition of general American geology. The Laurentian and Huronian 
systems, so beautifully worked out in the course of the survey, and also 
Uie Quebec group, so rich in its contributions to our knowledge of the 
ancient life of the globe, are described with full details and many illus- 
tuitions. 

At the 454th page commences the Lithological part of the volume, 
which occupies 220 pages. Professor Hunt here treats of the special 
characters of the rocls, minerals, and mineral waters, gives numerous 
analyses, and discusses, with many original views, the formation of 
minerals, rocks, and mineral veins, and also the general subject of 
metamorphism, which, as the volumes of this Journal have shown, his 
researches have done much to elucidate. Economic geology is next 
taken up by him, and a vast amount of information embodied in the 
following 160 pages, commencing with the ores of iron and other metals, 
and continuing with the subjects of phosphates, marls, mineral paints, 
peat, bitumen, plumbago, clays, building stones, drc 

The volume closes with a table of the equivalents of American and 
foreign rocks, a list of Lower Silurian Fossils, indicating by asterisks the 
formations in which the species occur, a list of Qrapt<Mites, and a num- 
ber of pages of additional figures of fossils. 

It is announced that the following maps will form an Adas to be issued 
to accompany the volume. 

1. A colored geological map of British North America, and of the 
adjacent parts of the United States ; on a scale of 125 miles to an inch. 
This is reduced from a map on a scale of 25 miles to an inch; which is 
already engraved, and will be published separately. 

2. A detailed map of the Laurentian rocks in the counties of Ottawa, 
Terrebonne, Argenteuil, and Two Mountains ; on a scale of seven miles to 
an inch. This map shows the distribution of the limestone, anorthosites, 
and intrusive rocks of the Laurentian system, and also the outcrops of the 
adjacent Lower Silurian formations. 

3. A detailed map of the Huronian series, along the north shore of 
Lake Huron, showing also the relations of the Laurentian and Silurian 
systems ; on a scale of eight miles to an inch. 

4. A detailed map of a portion of the Quebec group, from Stanbridge, 
0. E., to St. Albans, Vermont, showing also its relations to the Potsdam 
and Trenton groups ; on a scale of two miles to an inch. 

5. A map of the limestones of the Quebec group at Point L6vis; on a 
scale of a mile to three inches. 

6. A map of the Supeificial Geology, which will be upon the san^e 
scale as number 1. 
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All of tbme are «Qgniyed on steel or copper, and, with the ezoeption of 
5, will be printed in oil colors by chromo-Jitbogniphj. 

Tbe sections, whioh will be about ten in number, it in proposed to gift 
on a scale of five miles to an inch. 

This Atlas will not be readj before the end of the preseiit yean 

Tlie Cauadian government has already made ^propriatiooa fa tb 
iOOTtiiiuation of the Oeologrical Survey another five years. 

4. Air-breathert of the Coal Period: a descriptive aocxmnt of thi 
remains of land animals found in the coal formation of Nova Sootis, 
with nemarks on their bearing on theories of the fiormatioB of coal aad 
of the origin of species ; bv J. W. Dawson, LLD., Principal of McGill 
Uuiversity. With illustrations. Bailliere, New York and London, 1863b 
Montreal : Dawson, Brotbere. — ^This is a highly important memoir on 1^ 
Air4>reathers, or terrestrial species of animals, of the Carbonift;rons agc^ 
found, and mostly by the author. Dr. Dawson, in the rock* of Novt 
Scotia. It runs through four recent numbers of the ^Canadian Nahh 
raluV^ of Montreal, and is here presented entire in a pamphlet of 8S 
page% illustrated by seven plates, one of them photographie. 

Dr. Dawson differs from Owen, and justly we believe, in hia oondnsioM 
respecting the Archegosaurian nature of some of the species^ We die 
a lirief abstract of the general results from pages 65-67 of the meflMir. 

VEBTEBRATA.— Rrptilia. Order MioaosAuaiA. Genus Hykm- 
mM».— 'Reptiles or batracbians; with simple teeth in one series; biconcafs 
vertebrae with arches anchylosed to them; ribs long and bent; limbi 
developed for walking; cranial bones smooth or nearly so; body pro- 
tected below with oval or ovate bony scales, and above with homy sttlsi 
and other appendages. 

1. HylonomuB Lyelli, Dawson. — Teeth elongated, conical, thirty-six in 
each side of the jaw ; larger toward the anterior part of the lower jaw ; 
length of the lower jaw *7 inch ; limbs well developed, especially thepoi^ 
terior pair ; bony scales oval ; body above with imbricated homy scaleii 
and rows of angular and bristly points. 

2. Hylonomus aciedentatut, Dawson. — Teeth of maxillary and mandi- 
ble thick wedge*form, or nearly round at base and flattened to an edge st 
top. Teeth of interroaxillaries cylindric, bluntly pointed, and with spirsl 
furrows at the point Number of teeth about forty on each side of jaw; 
length of lower jaw about 1 inch. Sixe more than twice that of H,l^ 
tUi, Dermal covering, so far as known, similar, but the «parts large m 
proportion. 

8. fftflonomui Wtpnanij Dawson. — Teeth obtusely conical, aboot 
twenty in each side of the jaw; length of lower jaw about *25 iocb* 
Vertebra elongated ; size much smaller than that of JJ. LyellL Booy 
scales small and nounded, body above probably clothed in imbricated 
homy scales. 

Order Labtrintrodontia. Genus Baphetes. — Bapheiei plankepB^ Owso* 
—Teeth conical, hooked, striated longitudinally, and with inflected sod 
convoluted cement; in two series; the inner of larger aise. Cranial 
bones much corrugated. Head broad ; breadth in front of orbits 6 tncbsi; 
length from this line to front of snout 8^ inches. Probably a denoil 
covering of corrugated bony scales. 
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OenQs DendrerpeUm. — Batnichians with a double Mries of teeth ; the 
outer simple and flattened conic, the inner conical with inflected folds of 
cement. Teeth also on the vomer. Bones of skull corrugated ; body 
protected below with long ovate or rhomboid bony scales, and above with 
imbricated homy scales. Form elongated, fore limbs largest, tail natatory, 
▼ertebrsB biconcave, neural arches and bodies ossified. 

1. DendrerpeUm AeadianvfUy Qwen. — Inner teeth straight conical ; 
enter teeth short and obtuse. Length of head 2*75 inches, breadth 
at orbits about 2 inches, distance of orbits *7 inch. Length one to two 
feet 

2. D, Oioeni, Dawson. — ^Teeth slender and hooked, and cement of 
inner teeth more perfectly inflected. Length of skull 1*2 inch, distance 
of orbits about *5 inch ; length one foot or less. 

Order Arcbioobauria. Genus JIt/lerpeton. — Hylerpeton Dawwniy 
Owen. — Teeth simple, bluntly conical, with large pulp cavity; about 18 
in one side of the jaw. Two of the anterior teeth of the upper jaw 
twice as large as the others, and deeply sunk in the jaw. Length of 
lower jaw 1*8 inch. Bones of skull puncto-striate. Limbs unknown, 
probably natatory. 

8edi8 iNCBRTiB. Gleuus Eoaaurut, — Eosauru* Acadianv^, Marsh.-—' 
Known by two biconcave vertebrsB 2*4 inches in diameter and much 
resembling the caudal vertebrae of lehthyosaurut. See paper by Mr. 
O. O. Mamh, SUliman^t Journal^ vol. xxxiv. 

ARTICULATA. — Myriapoda. Genus Xylobiue, — Xylobiue SigillaricB^ 
Dawson. — Body crustaceous, elongate, one to two inches in length, artic- 
ulate ; when recent, cylindrical or nearly so, rolling spirally. Feet small, 
numerous ; segments 80 or more ; anterior segments smooth, posterior 
with transverse wrinkles, giving a furrowed appearance. In some speci- 
mens, traces of a series of lateral pores or stigmata. Labrum ? quadri* 
lateral, divided by notches or joints into three portions. Mandibles 
two-jointed, last joint ovate and pointed. Eyes ten or more on each side. 

MOLLUSCA. — Gasteropoda. Genus Pvpa. — Pupa vetusta, Dawson, 
Cylindrical, tapering toward the apex; surface shining, minutely marked 
with longitudmal ridges ; whorls 8 or 9, rounded, width of each equal 
to half the diameter of the shell ; aperture rather lons^er than broad ; 
outer lip regularly rounded and somewhat reflected ; pillar lip straight- 
ened above, rounded below. Edentulous or with faint ridges on columella?. 
Length *8 inch or a little more. 

On the concluding page there is also the following note : 

While these sheets were passing through the press, I have for the first 
time been enabled to study von Meyer's plates of the coal reptiles of 
Germany. They confirm my previous impression of the generic and 
probably family distinctness of Dendrerpeton and Hylonomus from Archt' 
go9auru$. The former of the two genera named is however that which 
approaches most nearly to von Meyer's genus. The arrangement of the 
teeth in A, latirostris much resembles that in Dendrerpeton, and the 
scales on the throat and belly are similar in form and arrangement The 
form of the skull, and the proportions of its bones, are, however, quite 
diflferent in the two genera. The vertebrae of Dendrerpeton are also 
much more perfectly ossified, its ribs very much larger and more bent. 
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and iU limbe much larger and adapted for supporting the bodj on land. 
Arehegotaurut must have been in all respects more ichthyoid and aquatic 
than any of the species of Dendrerpeion or Hylcnomui, 

The skull figured by von Meyer under the name of Seleroeepkalut 
Hauieri may have belonged to an animal more nearly allied to Dmdnr* 
peton than were the species of Archegoiaurui. 

If the animals of the type of Arckegosaurui existed in the coal period 
in Nova Scotia, their remains would not be likely to occur in such repos- 
itories as the erect trunks of Sigillarise, but only in strictly aub-aqneo» 
deposits. 

V. BOTANY AND ZOOLOGY. 

1. Origin of Varietie* in Planti. — According to the Grardeners' Ghron- 
ide, quoting from La Mondes^ '* M. Decaisne, the very able Professor 
of Cultivation in the Garden of Plants, Paris, has lately brought under 
the notice of the Academy of Sciences some very interesting remarb 
upon the varieties of cultivated plants in general, and of Pears in pA^ 
ticular.^ Decaisne remarks : — ^ The almost unlimited and ever increas- 
ing number of varieties in fruit-trees, vegetables, and all useful plants is a 
fact to which science has at present given too little attention. . . . These 
new forms, what are they f Can they be, as has been recently asserted, 
true species which have remained unknown up to the time when they 
were first subjected to cultivation ; or are they merely modifications of 
ancient known species, assuming various appearances acoordiog to 
climate or situation ? It may appear strange that such a question should 
be brought before the Academy, so natural does it seem for a apedes to 
be subject to change.'^ . . . Botanists in the present day may be divided 
into two schools. The more ancient, which may be called the LinnaesD, 
admits the changeableness of species ; within certain limits, no doubt, 
though it is not always easy to define them. Hence those large poly- 
morphous species, sometimes vaguely defined, but generally easy to chs^ 
acterize by a short descriptive phrase. The other school, which beloogt 
especially to our own time, and which may be designated as the scbool 
of immutability, denies most positively any tendency to variation in the 
vegetable kingdom. According to it, the forms of species never alter 
in the slightest degree ; and when two plants of the same genus present 
any palpable difference, however slight it may be, these two plants form 
two species, radically distinct from the beginning of things. According 
to M. Jordan of Lyons, a very eloquent advocate of the modem scbool, 
all the races and all the varieties admitted by the ancients become so 
many species. In his eyes, all our races and all our varieties of fruit- 
trees, of Pears amongst others, are distinct, unchangable species, alwajs 
preserving their own characteristics from generation to generation. 
Hence it follows that these trees did not proceed, as is commonly believed, 
from a single or even from a few specific types, which cultivation has 
caused to vary, but from as many original types as there are perceptible 
varieties." 

Although the absurdity of the latter view seems evident enough, De- 
caisne proceeds to refute it, by the record of his observations and experi- 
ments. He has raised seedlings from four very different varieties of 
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Pean, and each of the four gave rise to a considerable number of new 
▼arietiesy as different from each other and from their mother, as she was 
firom the greater part of our old varieties. ^^ It is not only in the fruit that 
trees raised from the same seed differ ; but also in the time of their ripen- 
ing, general appearance, and in the form of their leaves. . . . Some have 
spines, some have none, some have slender wood, in some it is stout and 
ooarse. Upon some of the seedlings of the old PotVe (TAnpleterre the va- 
riation went H> far as to produce lobed leaves, like those of the Hawthorn 
or oiPyru$ Japonica, Everything varies in the Pear-tree, even to its sap. 
As proof of this observe the very different success of the graft, according 
to the stocks employed. All the varieties and races of Pear-trees bear 
grafting upon a Pear-tree, that is to say, upon the wild Pear-tree; but 
all will not take upon the Quince, as for example the Bance^ Clairpeau^ 
Bose^ Duche$9e de Man^ <lhcJ" The flowers also showed very striking 
yariations. As to size of fruit the transition is said to be perfect from the 
wild Pear of Blidah, which is only the size of a pea, to the Belle 
d* Anguine and d* Amour, which vie with a melon of middling size. 

That these extreme forms belong to different species which have crossed 
and recrossed thousands of times with each other, producing fertile hy- 
brids, drc, Decaisne will not allow to be probable. But it would be 
difficult to disprove it. He admits the crossing, but maintains that the 
constant fertility, after every conceivable cross, argues identity and not 
diversity of species. 

'^Does the graft, as some people maintain, alter the character of the va- 
riety t" He concludes it does not ^^ The notion that fruit-trees degen- 
erate because they are propagated by grafting is an error which must be 
exposed. There is no single fact to prove it Those which have been 
cited depend upon totally different causes, first and foremost among 
which are climate, unsuitable soil, and very often bad cultivation or a 
n^ect of pruning, so common now-a-days. Our ancient pears, which a 
century or two ago were so justly esteemed, are now exactly the same as 
they ever were ; they ripen at the same time and keep good just as long. 
.... The pretended degeneracy of ancient races is really nothing more 
than one of the clever devices of the present day." 

** On the other hand, can it be true, as Van Mons and many pomologists 
believe, that the pips of a good fruit produce wild austere fruit, and 
thence return to what they suppose to be the specific type ? I do not 
hesitate to declare the contrary, and I defy any one to bring forward an 
example of a good fruit, whose flowers were fertilized by their own pollen, 
or by that of any of their own race, whose seed has produced wild fruit. 
... It may be considered certain, that all superior varieties of the Pear- 
tree, and I may say of all fruit-trees, if they are fertilized by themselves, 
produce good fruit. They may vary, and will probably do so, sometimes 
in one peculiarity and sometimes in another, according to the variety ; but 
none will become wild, any more than our seedling Cantaloupe melons 
return to the form and flavor of the little wild melons of India, or than 
our Cabbages and Cauliflowers return to some one of the wild races that 
grow on the sea-shore. Whatever the advocates of immutability may say, 
the species of plants are really subject to great variation ; and there is 
much truth in the theory which refers to the same specific type, races and 
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Tarieties which, though very diffdrent in appearance, have the tame mot' 
phological organizHtioD, and which, like the members of the same fiunilj, 
are capable of crossing with one another . . . Take any one of onr races of 
Pear-trees, and tran8[>ort it to all the regions of the globe ; wherever ii 
can exist, it^ will struggle to adapt itself to the situation, and after a few 
generations it will have given birth to new and numberless varietiia 
This fact, which takes place und«)r our own eyes, in the case of every 
cultivated plant that is much distributed over the world, gives the key to 
those polymorphous species which perplex botanical classifiers, and whiek 
have only become what they are by nature herself having spread Umb 
over an immense expanse of country." 

We remark, 1, that a view which we have more than once referred to, 
u e, that variation is a result of domestication, and that there are m 
wild varieties ^a view which essentially coincides with that of Jordan, m 
stated above), is sufficiently refuted by Decaisne's experiments. For om 
of the four Pears of his experiments, the Sanger is a wild variety, or 
nearly so, and its seedlings were not behind those of the other soru ii 
amount of variation. And 2, although no varieties may not have yet bees 
shown to degenerate while duly cared for, under continued propagtUoi 
from buds, it does not follow that they would continue to exut ii 
perpetuity. It can hardly be otherwise than tliat the exietence of aepe- 
cie$ is prolonged by sexual reproduction as it would not be by boddiof^ 
or sexless propagation. a. q, 

2. Review of Mimoiree et Souvenire de Augustin Pyramtu JkCcah 
dolle. — The conductors of this Journal are rather pleased than otherwise 
when articles are repriuted from its pages. Nor can they at all object to 
abridgments of such articles, when the omissions are indicated in the 
customary manner. But in this respect they have somewhat to object to 
in the reprint, from our January number, of the article above-nientioDed, 
abstracted in Dr. Seemann's Journal of Botany, without anything to mark 
the laeuncB. This, however would not be worth notice, except for the 
statement that the article is thus reproduced ^ with corrections by the 
author." This seems to imply an agency in the matter on the auihor*i 
part, which surely it could not have been intended to assert. It rosy, 
therefore, well enough be stated, that the corrections in the auibor^s 
copies sent to the Editor of the Journal of Botany, as to other correspoa- 
denU, amounted, we believe, only to the change of a single letter in • 
misprinted word. So that there is some mistake or inadvertance in the 
matter, which we are not able to explain. A. a. 

3. On Welwiteckia, a new genus of Gnetaceas^ by Joseph Hookxb, 
M.D., F.R.S., etc pp. 48, tab. 14. — This is a separate issue, in folio 
form, of a memoir in the current (24th) volume of the Transactioos of 
the Liunnan Society, illustrated by fourteen superb and elat>orate plates, 
the expense) of which has been mainly defrayed by the Royal Society, 
from a parliamentary fund placed at its disposal for the promotion of 
scientific research. By the cooperation of these two learned societies, the 
fruits of Dr. Hooker^s admirable researches are given to the scientific world 
in a form and manner worthy of them and of the wonderful subject Dr. 
Welwitsch^s discovery of this strange plant, and what was then known 
of it, are briefly adverted to in this Journal, voL xxxii, p. 289, two yean 
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ago. The prefent memoir was published in the spring of the present 
year, and has been duly noticed in the principal scientific journals. It 
accidentally happened that the copies addressed by the author to his 
correspondents in the United States were only recently received. Though 
late, some notice of the plant and of Dr, Hooker^s inrestigations will 
still be welcome, no doubt, especially to many readers who may never 
■ee the memoir itself. 

A good idea of the vegetable wonder in question is given in the fol- 
lowing brief account of its appearance and prominent characters, drawn 
partly from the descriptions of its discoverer, and partly from specimens 
sent to England : 

** The WtUffUsehia is a woody plant, said to attain a century in duration, with 
an obconic trunk about two feet long, of which a few inches rise above tlie 
the soil, presenting the appearance of a flat, two-lobed, depressed mass, some- 
tunes (according to Dr. Vvelwitsch) attaining 14 feet in circumference (!), and 
looking like a round table. When fall grown it is dark brown, hard, and 
crack^ over the whole surface (much like the burnt crust of a loaf of bread); 
the lower portion forms a stout tap-root, buried in the soil, and branching 
downward at the end. From deep grooves in the circumference of the de- 
pressed mass two enormous leaves are ^iven ofl^, each six feet lonof when full- 
ffrown, one corresponding to each lobe; tliese are quite flat, linear, very 
leathery, and are split to the base into innumerable thongs that lie curling 
upon the surface of the soil. Its discoverer describes these same two leaves 
as being present from the earliest condition of the plant, and assures me that 
they are m fact developed from the two cotyledons of the seed, and are per- 
sistent, being replaced by no others. From the circumference of the tabular 
mass, above, but close to the insertion of the leaves, spring stout, dichoto- 
mously branched cymes, nearly a foot high, bearing small erect scarlet cones, 
which eventually become oblong, and attain the size of those of the common 
spruce fir. The scales of the cones are very closely imbricated, and contain, 
when young and still very small, solitary flowers, which in some cones are 
hermaphrodite (structurally but not functionally), in others female. The her- 
maphrodite flower consists of a perianth of four pieces, six monadelphous 
stamens, with globose trilocular anthers, surrounding a central ovule, the 
integument of which is produced into a styliform sigmoid tube, terminated by 
a discoid apex. The female flower consists of a solitary erect ovule, con- 
tained in a compressed utricular perianth. The mature cone is tetrafronous, 
and contains a broadly winged fruit in each scale. Its discoverer observes 
that the whole plant exudes a resin, and that it is called Tumbo by the natives, 
— whence he suggests that it may bear Uie generic name of Tumboa ; but 
this he withdrew at my suggestion, for reasons which I shall presently give. 
It inhabits the elevated sandy plateau near Cape Negro (lat. 15° Aff S.)on the 
S. W. coast of Africa," 

Welwiischia mirabilis, Hook. fil. was also detected And made known — 
indeed the first actual materials, with a drawing of the plant, were sent 
to England — by Mr. Baines from the Damara country, in lat. 24** or 26* 
S. about 600 miles south of Ca]>e Negro. Mr. Baines is an artist, and 
his original colored sketch of a plant in fruit is reprodmted on the fir-st 
plate of the memoir. It appears as if five-leaved ; but probably one of the 
two original leaves is split into two, the other into three segments. As 
might be inferred from the form and structure, the Welwilsckia inhabits 
a dry ragion. Mr. Monteiro writes to Dr. Ilooker : — 

M — about thirty miles distant from the coast, I passed a plain about three 
Am. Joua. Sci.— Second Sekies, Vol. XXXVI, No. lOa— Nov., 1863. 
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miles across, on which this plant was grrowing abundantly; that is tosiy,! 
saw about thirty specimens on mv line of march. The plain was perfectly 
dry, and bare of other vegetation than the Welwitschia and a little short gnm, 
The ground was a hard quartzose schist The Wtluniedda was genenlff 
growing near the little ruts worn in the plain by running water during tv 
rainy season." 

And from Damara Land, Mr. Anderson writes that, — 

" Rain rarely or never falls where this plant exists. [Yet the night devi 
are heavy, as other autliorities mention.] I have crossed and recrossed Dimtn 
Land throughout its entire length and breadth, but only found the plant grow- 
ing on that desperately arid flat, stretching far and wide about Walvisch B^' 

We are familiar with plants of very diverse orders of Dicotyledons and 
Monocotyledons which are adapted to arid regions by great restriction of 
surface. Here a similar plan is adopted by a Gymnosperra ; for tk 
resemblance to Coniferce and Caauarinea indicated by Dr. Welwitsch ii 
shown by Dr. Hooker to import a close aflSnity, the author referring tlie 
plant to Onelacea near to Ephedra, Its permanently abbreviated ascsid- 
ing axis — of which the greater part consists of the first intemode, belov 
the cotyledons, — increases in thickness but hardly in length, developes do 
other than the seminal pair of leaves, above which the disciform bilobatt 
axile portion or ** crown," gradually produced, bears year by year only 
leafless inflorescence. 

Hcemanthua equally bears a pair of leaves ; but Uiese die oflT as tbs 
season of drought advances, when the plant is reduced to a minimum of 
surface in its spherical bulb, — which outspreads a new pair of leaves when 
the rainy season returns. But in Welwitschia the two leaves are perma- 
nent Wherefore they are firm and coriaceous, and, increasing by basal 
growth from year to year, the older parts doubtless become inactive at 
length, while fresh surface below is annually renewed, under the shelter 
(as Dr. Hooker describes) aflbrded by the deep grooves which in old 
plants separate the growth of the hypocotyledonary stock from that of 
the crown above, and is filled by the tender growing bases of the leaves. 

Having given a detailed generic character of Welwitschia^ and a com- 
parative view of the Gnetaceous genera, now three in number. Dr. 
Hooker proceeds to describe at length the trunk, leaves, inflorescence, 
flowers, fertilization, embryogeny and seed of this curious subject, — com- 
paring it in the latter respects with Cojiiferce and Cycadax^cs on the one 
hand, and with Santalum and Loranthus on the other, and closinor widi 
a general summary of the results. 

An abstract or analysis of this most important paper is beyond cor 
present reach or space. But we may refer to some of the s]>ecial points. 

The most obvious peculiarity of Welwitschia is, that " it appears to be 
the only perennial flowering plant which at no period has other vegeta- 
tive organs than those proper to the embryo itself, — the main axis being 
represented by the radicle, which becomes a gigantic caulicle, and devel- 
opes a root from its base and inflorescences from its plumulary end, and 
the leaves being the two cotyledons in a very highly developed and 
specialized condition." It is an excellent case, accordingly, if any such 
were still needed — for showing the nature of the radicle as stem, or 
ascending axis (not root,) — a view which we 8U|>po8ed obf^ervation bad 
long ago demonstrated. Dr. Hooker, in a note, refers to this view as 
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ezpremed by Adr. Jussieu in his Cour$ MSmentain (wbich appeared in 
1848 and 1844), and in Gray's Introduction to Botany (BoL Text Book)^ 
1858. But the same view is taken in all the earlier editions of the latter 
work ; even in the first (1842) the radicle is spoken of as the first inters 
node of the stem (p. 29, note) ; and probably the idea will be found 
distinctly expressed in works of an earlier date. Dr. Hooker, in the 
note referred to, assents to the proposition that ^ the radicle is rightly 
regarded as an axis" i. e. an ascending axis, '* and not a root," but does 
not agree that it is an internode. To us, the one implies the other. 
Conceiving, as we do, the fundamental tidea of the morphology of the 
phienogamous plant to be, that the ascending axis consists of a series of 
superposed internodes, each crowned by a leaf-bearing point or ring (the 
node), the first internode must needs be that which is crowned by the 
first leaf or pair of leaves, the cotyledons ; and its whole developement 
confirms this view. 

Dr. Hooker notes the curious fact that in Welwitschia flower buds are 
occasionally produced on the stock below the insertion of the leaves, that 
ie, on the radicle or caulicle itself; and Dr. Masters pointed out to him 
analogous cases of shoots thus originating, one of which was described 
by Bernhardi thirty years ago. It is simply the case of adventitious 
buds; these might seem as likely to occur on the first internode as on 
any later one. 

Welwit9ch%a^ having a dicotyledonous embryo, has also essentially an 
exogenous stem, i. e. ** the vascular system is referable to the exogenous 
plan, but its arrangement into concentric wood wedges is y^ry rude." 
J3ut the superadded isolated and closed vascular bundles of the stock and 
root, and especially their losing themselves in the periphery of the stock, 
are endogenous analogies. So also is the strictly parallel and free vena^ 
tion of the leaves ; yet, as there are no cross veinlets, thus favoring the 
splitting up of the leaf into lacinise, this looks as much or more towards 
Cffcadacea and broad-leaved Conifer as. 

The total absence of anastomosing veinlets in the leaf, each nerve 
representing a single and independent vascular axis, extending, in Wei- 
^tschiOj from the axis of the trunk to the apex of the leaf, causes such 
leaves as these and those of Dammara, &c^ to *' resemble more closely s 
series of parallel uninerved leaves united by cellular tissue, than a foliar 
expansion of parenchyma traversed by one system of inosculating vessels, 
and the frequent presence of many linear cotyledons in these plants seems 
to favor this view, as does the mixed character of the foliage of Podo- 
carpus^ of which some species have uninerved and others many-nerved 
leaves. The numerous flower-buds alon^ the periphery of the crown also 
further favor this view." That is, in Welwitdchia, where this ingenious 
surmise carries a plausibility, which it does not when applied to Podo* 
carpus. 

The binary symmetry of Welwitschia, beginning with the cotyledons, 
is carried through the inflorescence up to the decussating pairs of bracts 
of the cone and the two leaflets in each whorl of the hermaphrodite 
perianth. But the stamens are six, at first sight a monocotyledonous an- 
alogy ; yet they may be regarded three sets of two, notwithstanding their 
monadelphy. The flowers are dioecio-polygamous, i. e., of two sorts, one 
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female, the other siructurally hermaphrodite, but the gynecium sterile, 
though well-developed, except that no embryo-sac appears. The her 
maphrodite cones and their flowers accord in many respects strikinglj 
with the male cones of Ephedra ; but the anthers are trilocular, which ii 
remarkable. The simple ellipsoidal pollen is the same in both. Is 
Epliedra the stamens vary from two to eight, and the colamn is solid, 
there being no rudiment of a gynaecium. 

The female fruitful cones are about three inches long, and bright red 
when fresh. 

The integument of the ovule, as in Onetum^\^ prolonged at the summit 
into a style-like body, thus closely simulating a pistil ; and tlie apex of 
this styliform tube, which is thin and merely erose in the fertile flower, 
in the structurally hermaphrodite flower is dilated into a broad papilloM 
disk, exactly imitating a highly developed stigma — a marked iostaoes 
of a highly develo|>ed organ which is functionless ; for no pollen has 
been detected upon it, and no embryo-sac in the nucleus. Here Dr. 
Hooker speculates upon '* the possibility of WelwiUchia being the onlj 
known representative of an existing or extinct race of plants, in which such 
a stigma-like organ was really capable of performing the function of t 
atigma. And, when we see tliis organ occurring in a hermaphrodite 
flower, it is easy to suppose that we have in WelwiUchia a traosition is 
function, as well as in structure, between tlie gymnospermous and angio- 
•permous Dicotyledons ; and that the ideal race consisted of hermaphro- 
dite plants, in which the oflioe of the stigma of the carpellary leaf mm 
performed by a stigmatic dilatation of the ovular eoat itselC** 

This assumes that the gymnospermous theory established by Brown u 
correct (whatever be the nature of the cone-scales, rameal or carpellary, 
simple or compound), and applicable to the Gnetaceous as well as to the 
Ck>niferou.s type. This view, lately much questioned. Dr. Hooker main- 
tainH, and enforces, as respects Onelaeece, by very convincing and in part 
wholly original arguments, drawn from his own researches upon the 
present plant and its allies. We refer to pp. 28 to 31, which we ooold 
not readily condense, and have not room to copy. The same is to be 
said in regard to the resemblances or analogies in gynsecial structure be- 
tween Onetacece and Loranlhacece, ^c — a subject upon which we awiit 
expectantly Prof. Oliver^s investigations. Moreover, as Dr. Hooker re- 
marks upon another page, the decisive or final comparative view of the 
structures in question cannot be had until the homology of the ovule 
itself is settled. In cases where the flower is so simplified that the 
nucleus of an ovule directly terminates the floriferous axis, and is 8n^ 
rounded by few and simple, or peculiarly specialized, investments, the 
discrimination of these must be difficult enough, and must ultimately de- 
pend upon the theory adopted as to the nature of the ovular coats. If 
these be regarded as foliar (as a rigid application of adopted morpbologi- 
eti\ principles will require), tnen a complete transition from gyraoospenny 
to angiospermy is probable, and may be expected to be demonstrable. 

The fertilization and embryology of WelwiUchia have been woode^ 
fully worked out, considering the materials, by Dr. Hooker, and the two 
most elaborate and valuable plates of the memoir are filled with the de- 
tails. Suffice it to say, that it appears that the pollen moat be biooght 
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by insects to the ovule of the female flowers, at an early period, before 
ibe nucleus is covered by the ovular coat or by the perianth, and before 
the former has produced its styliform apex, down which it would be 
nearly impossible to convey the grains of pollen which were bodily found 
on the nucleus, with their tubes there produced. So that, notwithstand- 
ing the carpel-like form of the ovule, the impregnation is absolutely 
gymnospermous. As to embryo-formation also, ^* there is a general 
agreement in many most essential particulars with CycadacecB and Co- 
niferiB^^ especially, and beyond what has already been adverted to, 
in ^ the free embryo-sac being filled with endosperm-cells previous to 
fertilization, the numerous secondary embryo-sacs, the position of the 
grerminal vesicle at the base of these sacs, and in the high development 
of the long tortuous suspensor/' There is an agreement with Angio- 
aperms, however, in several particulars, especially iu that of *^ the ger- 
minal vesicle giving rise to one embryo only.'' And it is concluded that, 
in special reference to Santalum and LoranthuSj ** Welwitschia presenta 
an embryogenic process intermediate between that of Gymnosperms and 
Angiosperms." 

And here we should not omit to mention that its wood differs from 
that of all known Gymnosperms in wanting the disc-bearing wood-cells ! 

It will be conceded that Welwitschia is ^ the most wonderful discovery, 
in a botanical point of view, that has been brought to light during the 
present century.'' Also, that Dr. Hooker has enjoyed (and improved) an 
opportunity unequalled by any botanist since that which placed the 
SaffUiia in Mr. Brown's hands. a. o. 

4. American Tea-Plant. — A newspaper announcement states that the 
Tea Plant has been discovered by a Chinaman (or as some say by an 
Englishman formerly engaged in the tea-culture in Assam), in the United 
States, ** covering a large area of land in the central counties of Penn- 
sylvania," and that tea of excellent quality and various sorts, green and 
black, has been made for the market by a company organized for the pur- 
pose. We are told that the agent of the company exhibits in this con- 
nexion, a drawing which is recognized as representing a genuine Tea-plant 

A specimen of the prepared tea has been shown to us ; by which we 
recognize that this American Tea-plant is the well-known Ceanothus 
Anuricanus^ the Neto Jersey Tea, the leaves of which were used for this 
purpose at the beginning of the American revolution. Some one hat 
remarked that the substituted beverage must have tried the pAtrioti^m of 
our great-grandmothers ; but others report more favorably of its qualities. 

A. G. 

6. Tlie Compass Plant. — Riding near Chicago, August 8, 1863, 1 saw, 
for the first time, Silpkium laciniatum growing wild. The field had once 
been ploughed and sown with timothy, and there was a grove a few rods 
to the east Notwithstanding these unfavorable circumstances, I took a 
rough measurement of thirty plants, without selection, as follows : Hold- 
ing a card over each plant witn its edge parallel to the central line of mj 
own shadow, I marked upon the card a short line parallel to each leaf of 
the plant Measuring afterward the angle which each mark made with 
the edge of the card, and subtracting from each angle the azimuth of 
the sun for the estimated central time of observation, I obtained the fol- 
lowing results. Only one plant, bearing four old leaves, gave an average 
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angle with the meridian of more than 84^ Their mean was 18^ west 
The remaining 29 bore 91 leaves; which made with the meridian the 
following angles, yiz: Seven made angles greater than 36^; fifteen, angles 
between 35^ and 20^ ; sixteen, angles between 20® and 8^ ; twenty-eight, 
angles between 8® and 1°; and twenty-five, angles less than 1^. 

Of the 09 angles less than 20* the mean is N. 33' E., i. e. about half a 
degree east of the meridian. The error of azimuth, from mj want of 
means to determine the time accurately, may have been aa much as three 
times this quantity. One half the leaves bear within about half a point 
of north, two-thiids within a point. 

The magnetic declination was about 6* east. The obeenrationt wen 
made when the tun was about on the magnetic meridian. T. Hill. 

Oambridge, Man., Sept 6, 1868. 

ZOOLOQT.— 

6. CUuiificaium of animalt hated on the principle of Cephalitation ; by 
J. D. Dana. — A modification of the brief section on the t-Iliptic method 
of decephalization, at page 327, is suggested in a note on page 352. 
The subject admits of much fuller elucidation, and the following is here 
presented as a substitute for the section referred to. 

9. Elliptic, — Exhibited in the defectiveness or absence of segments or 
members normally pertaining to the type of the order or class contain- 
ing the species, and arising from abnormal weakness in the general sys- 
tem, or in an organ. It is exhibited especially in the degradational or 
inferior types. The cases are — 

Incomplete or deficient (I) segments, or (2) members, in either (a) the 
anterior, or {b) the posterior portion of the body ; as in the absence of 
some, or all, or the teeth in Edentates; of the posterior limbs in Whales; 
of the abnormal appendages and posterior thoracic segments in some 
Schizopods or degradational Macrurans ; of the antennae, either one or 
both pairs, in many inferior Entomostracans ; of wings in the Flea, etc 

This method of decephalization differs from the defunctionative in im- 
plying a deficiency not only of function but also of organ or member. 

The incompleteness or deficiency of normal parts referred to above 
will be better appreciated if contrasted with deficiencies from other 
causes. The principal other causes are the following : 

(1.) A high degree of cephalization or cephalic concentration in the 
system. — Thus in the Crab, the highest of Crustaceans, the abdomen is 
very small, and elliptic both in segments and members, because of the 
high degree of cephalic concentration ; while in the Schizopods referred 
to above, and in the Limulus and many other inferior Crustaceans, the 
same deficiency comes from weakness of life-systetn or decephalization. 

(2.) High development of one part of an organ, at the expense of other 
adjoining parts. — This principle may be said to include the preceding, 
since, in that, there is a high development of the anterior or cephalic por- 
tion of the structure at the expense of the posterior or circumferential. 
But here, there is reference to special organs rather than to the structure 
as a whole. Thus, in the foot of a Horse, there is an enlargement of one 
toe, normally the third, at the expense of the others, and this enlarged 
toe has the full normal strength that belongs to the foot under the Her- 
bivore-type. 

It is apparent from VAie tac\& m ^Kc^^ta^hs (1) and (2), tiiat there may 
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be an Mipiic method of cephalization as well as of deeephalizaiion. The 
Crab-type is a striking example of tbe former. The foot of the Horse, 
oonsideriDg separately the fforte-type^ is a case under the former rather 
than the latter ; for, in any related species, a lessening of the di^^parity of 
the toes would be evidence of weakness and inferiority under that type. 
Tet,a8 compared with the higher Carnivore- type, in which the lite-svHtem 
lias the strength to develop all the toes in their completeness and fulness 
of vigor, with great strength of foot, the foot of the horse is elliptic^ and 
a mark of inferior cephalization. In the typical Ruminant% the complete 
series of teeth is indicated in an embryonic state before l>irth ; but part of 
them fail of development, while the others — those specially characteristic 
of the type — go forward to great size and perfection. As in the foot of 
the Horse, there is here an enlargement of one portion at the expense of 
the others. And this, under the Ruminant-type, is progress toward the 
highest condition of the type, or eephalization by an elliptic method. 
A Ruminant in which the teeth should be all equally developed would 
be one of too great feebleness of system to carry the structure to its typi- 
cal perfection ; and such is the Eocene Anoplothere.* If, however, tbe 
Ruminants were referred to the Megasthene-type as represented in the 
Carnivores, the deficiency of teeth would be an example of decephalizct- 
tioa by the elliptic method ; for such a deficiency under the higher type 
of the Carnivores would be evidence of abnormal weakness. 

The same principle is exemplified in Carnivores ; for the size and num- 
ber of the molar teeth are le^vs the larger the canines. The Machserodus 
with its huge tusks and but three molars to either side of a jaw is a re- 
markable example. Again, in the Elephant, two incisors are developed 
iato the great tusks of the upper jaw at the expense of the other incisors 
and canines; and jaws that look as if bearing profoundly the mark of 
degradation or decephalization, are hence compatible with high cephali' 
weUion under the Herbivore- type. 

It is not to be inferred that the enlargement of one part of an organ 
at the expense of others, is necee^arily an indication of yeneral elevation 
of grade. Even in the case of the foot of the Horse, the elevation implied 
is elevation only under the Horse-type or among Solidungulates, and not 
elevation above all other Herbivores. 

These examples are sufficient to illustrate the contrast between the 
elliptic method of cephalization and of decephalization ; and also the 
fact, that a case of the former in one relation may be one of the latter 
in a higher, that is, if referred to a higher group as the standard type. 
The cases that would come under the elliptic method of cephalization 
(as that of the Crab) have been already referred by the writer to the con- 
cenlratiuey they being a result of concentration in the life-system. 

' "Amongst tlie varied forms of existing Ilerbivora we find certain teeth dispro- 
portionately developed, sometimes to a monstrous size; whilst other teeth are 
reduced to rudimental minuteness, or are wanting altogether : but the number of 
teeth never exceeds, in any hoofed quadruped, that displayed in the dental formula 
of the Anoplotherium. It is likewise most interesting to find that thoee species 
with a comparatively defective dentition, as the homed Ruminants for example, 
manifest transitorily, in thn embryo-<)tHte» the germs of upper incisors and canines, 
which disappear before birth, but which were retained and functionally developed 
in the cloven-footed Anoplothere.*'-*C^oo<(<7r, British Atsoc. Bep,^ 1838. Owen^eAu, 
Matmn^ 1846, 438. 
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(3.) That simplicity of structure which is opposed to the specialized 
or differentiated condition of superiority of type. — It is evident that the 
examples of elliptic deceplialization, taking this terra in its most compre- 
hensive sense, may include the various simplifications which mark on- 
specialized structures of inferior types. Yet we propose to restrict the 
term to those examples of deficiencies which are obviously connected 
with degradational or hypi^typic conditions under any type. 

7. On the E/nhryolopy of Astercanthion herylinus Ag , and a tpeaa 
allied to A, rubens M, T, Asleracanthion pallidus Ag. ; by A. AoASsn. 
8 pp. 8vo., from the ProceetJings of the American Academy of Arts and 
Sciences, Ap. 14, 1863. — This paper is a brief description of the embry- 
ology of the Echinoderm, above mentioned, illustrated by two excellent 

Slates. The results, it states, are to appear in full in the fifth volume of 
Vot Agassiz*s Contributions to the Natural History of the United States. 

8. Lift of the Behinoderms sent to different Imtitutions in exekoMyefar 
other specimens with Annotations ; by A. Aoassiz. pp. 17—28, 8vo.— > 
The annotations in this printed Catalogue are observations on character- 
istics of the species, or lo ;alities, references to authorities, dbo. 

9. On synthetic types in Insects; by A. S. Packard, Jr. (from tbs 
Jour. Bost. Soc. Nat Hist., June, 18G3, pp. 590-603). — Mr. Packard has 
here brought together much information and some new suggestions with 
regard to the analogies between the different tribes of Insects. We 
shall take occasion to quote from his memoir in another number of thii 
Journal. 

1 0. Beitrdye zur Kenntnisn der fosillen P/erde und zu einer vergUichenden 
Oiontoyraphie der ffafthiere im All^emeinen ; von Prof. L. ReTiMSTER. 
144 pp. 8vo, with 4 plates. Ba^^el, 1863. (From the Verhandlungen der 
naturf. Ges. in Bjisel, vol. iii, Heft 4, 1863). — Prof. Riiiimeyer, of Basel, 
the author of a valuHbie work on the ancient Lake habitations of Swit- 
zerland,* takes up in this new memoir, the subject of fossil horses and 
related UnguUte^. His able memoir is illustrated by numerous figures, 
representing fossil and recent teeth of different genera and species of 
Horse, .and aNo of other hoofed quadrupeds. 

11. Methods of Study in Natural History ; by L. Aoassiz. 320 pp. 
12mo. Boston, 1863 : Ticknor *fe Fields. — The chapters of this interesting 
volume were originally delivereil as oral lectures by Prof. Agassiz, and sub- 
sequently, with the exception of the last, written out in a popular form for 
the Atlantic Monthly. The author here presents his views on nomenclature 
and classification, on the nature and constancy of species as oppoAed to 
the transmutation theory, on the formation of coral reefs and the lens^th 
of geological time as determined by their rate of progress, on alternate 
generation, and on the ovarian egg and the relations of embryology to 
classification. 

12. On the nomenclature of the Foraminifera ; by W. K. Parkbr and 
T. R Jones. Part VIH, Textularia. 8 pp. 8vo. (Ann. and Mag. Nat 
Hist for Feb. 1863). — The characteristics, varieties of form, geographical 
distribution and generic synonymy of the Textularia group are the sub- 
jects of this paper. 

* Die Fauna der Pfahlbanten in der Schweis. Untersuchungen uber die Gesehidite 
der wilden und der Hau8-Sau{(ethiere von Mittel-£uropa. 248 pp. 4to, with wood* 
cuU and 6 plates. Basel, IS«1. 



Astronomy and Meteorology. 443 



VI. ASTBONOMY AND METKOROLOGY. 

1. Discovery of a new Planet^ Asteroid (g), (in a letter to the Editors 
from Prof. Jamks C. Watson, Director of the ObservAtorj, dated Ann 
Arbor, Oct 9, 1863). — I have the pleasure to inform jou that I discov- 
ered a Dew planet on the night of the 14th of September, which I have 
observed as follows : 

Dec. 

+90 68'86" 2 

9 5H 24 l 

9 49 16 '8 

9 44 

9 48 64 -6 

9 26 18 -4 

9 26 4 -0 

9 18 21 -0 

9 18 7 -6 

9 6 14 1 

+8 08 54 '6 

I have also observed the planet on SepU 25, 26, 28 and 29, and on 
Oct 6, bat the observations are not yet reduced. 

From the observations on Sept 14, 19 and 23, I have computed the 
following elements, which up to the present time represent the observed 
places very satisfactorily : 

Elements of Asteroid ©. 

Epoch. 1863, Sept 190, M. T. Greenwich. 
M = 833^60' 17"-8 

8=2M j;;;:j} Mean Equinox 1868-0. 

f = 4 38 27 -1 

9 =: 11 19 25 '1 

log. a = 0*388320 

log. /t* z= 2-967527 

fi = 927"-955 

These elements give the following ephemerfs for Greenwich mean noon : 



Ann Arbor M. T. 


R A. 


1868 Sept 


. 14d 


]6h22m66« 


Ih cm 45-64 


It 


14 


16 24 


21 


1 4452 


« 


15 


10 


49 


1 28-99 


« 


16 


9 42 


43 


59 54-76 


•• 


16 


9 48 


28 


69 5488 


M 


19 


9 8 


11 


58 16-68 


•« 


19 


9 45 


87 


68 15-56 


M 


20 


14 46 


1 


57 8-i-84 


« 


21 


9 46 


18 


67 8-99 


M 


22 


9 48 


86 


56 25*42 


ii 


28 


10 59 


60 


55 44-27 
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log. A. 


Oct. 25 


Oh SSon 
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4 


82-4 


001889 
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82 


IS 
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28 





SI 
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0-02206 
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SI 


17 


4 
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002371 
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80 


51 


4 


4-8 


002639 


81 





SO 


27 
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67-8 


002716 
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5 


8 
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002898 
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45 
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45-6 


003085 
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27 
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89-7 


008276 
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003471 
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28-8 


008668 
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28-7 
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28 
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27 
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004686 
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The expressioDs for the codrdinates referred to the equator are the 
following : 

a:=r(9-999712)Mn(135° 31' 25"-0+v) 
y=r(9-974897) sin { 44 47 45 S+v) 
2;=r(9*52 1645) sin ( 51 25 55 '8+i^) 

The planet shines like a star of the 10th magnitude. 

2. Observations in Brussels of the Meteors of August^ 1863; 1^ Mr. 
QuETELET. — Mr. Quetelet, on the evening of Aug. 7th, saw nine shooting 
stars between 10^ 10°i and 11^ 10™. On the 8th in about an hour from 
10*^ 6°> he saw 17. On the 10th, observing alone as before, from 9^ to 
10^ he saw 23, and from 10^ to 11^ 33 meteors. He registered upon a 
chart the paths, and could not command more than one-third of the skj. 
He estimated the numbers visible for the two hours at 70 and 100. From 
11^ to 12^ his son and Mr. Hooreman saw 112 and estimated the number 
visible at 180. On the 11th Mr. Quetelet saw 11 between 10^ and ll^ 
and his son and Mr. Hooreman saw 40 during the next hour. 

3. Observations by Mr. Alex. S. Herschel of ike August Meteors, in 
England. — Mr. Alex. S. Herschel, son of Sir John Herschel, in a letter 
to Mr. Quetelet, published in the Bulletin of the Royal Belgian Academj, 
gives the following altitudes and velocities of five meteors of the Augint 
stream observed on the evening of Aug. 10th, 1868. The second ooloom 
of the table below gives the hour of observation, the third the duration 
of flight in seconds, the fourth the altitude at first appearance, the ffiUi 
the altitude at disappearance, and the sixth the velocity. The unit of 
altitude and velocity is the English mile. 

Altitudet and velocities of shooting stars observsd Aug, 10^ A, 1868, in England. 



No. 


Time. 


Dunttion. 


l8t AH. 


2d Alt 


Veloclly. 


1. 


9h 28°) 


8a 


70 


58 


86 


2. 


86im 


l"-7 


114 


78 


86 


8. 


IQh 7|m 


1»'2 


181 


66 


76 


4. 


llm 


l>-4 


106 


62 


41 


6. 


19m 




79 


68 


88 



The altitude and velocity of No. 3 Mr. Herschel considers as too great. 
The path and duration of No. 5 were very carefully noted, and he tbinb 
the velocity of 38 miles is very near the truth. Two flights, No. 1, and 
No. 4, were observed at three places. 

These velocities imply a less inclination of the August ring (nooUon 
retrograde) than that given in this Journal, 2d ser., vol. xxxii, p. 448. 

Mr. Herschel gives also the altitudes of four other meteors as follows: 

Aug. 8th, 10l> 58™ 1st alt 153 miles, 2d alt 61 miles. 
" 9th, 12b 501 « « «4 45 tt 

** 10th, lOh l«n " 52 " " 25 " 

" 11th, 12h lajm « 122 ** " 86 " 

The second and fourth were brilliant fireballs from which explosions 
were heard. 

4. Observations on the August Meteors^ by Dr. R Heis, at Munster, 
— At Miinster this year, the following numbers were seen, from Aug. 8th 
to Aug. 14th, by Prof. £. Heis and eighteen assistants. Most of the paths 
were drawn on charts. 
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Number o/$kooting «tor« men at MUnater from Aug, Sth to Ayg. lith, 1868. 



Hour. 


8th. 


9tb. 


lOtb. 


llth. 


12th. 


13th. 


Uth. 


Total. 


om 9*^ to lOh, 


26 


41 


98 


24 


45 


88 


18 


280 


10b to lib, 


67 


57 


144 


90 


54 


44 


29 


485 


lib to l2h. 


58 


61 


166 


98 


69 


44 




496 


12b to 18b, 






158 










158 


18b to IH^, 




159 


89 










89 


Total. 


151 


600 


212 


168 


121 


47 


1458 


r boar from 9b to ISb, 


50 


58 


184 


71 


56 


40 







Prom 9^ to 10^ on the llth the sky was mostly covered by clouds, 
e observations were made entirely in the open air. The heavens were - 
ided among the several observers. Each observer drew on the chart 
I path, and a secretary noted the time (to the second), the magnitude, 
1 other circumstances. On the 10th the stars followed each other so 
; that the smaller ones, of the third and fourth magnitudes, could not 
recorded. No star was counted twice. 

The brightness and duration of the trains of the meteors on the 10th 
re remarkable. With the naked eye trains were noticed which lasted 
10, 14 and even 43 seconds. With the comet seeker one train was 
n 56, another 60, and a third 168 seconds. 

[^rresponding observations were made at places near Mdnster, which 
1 furnish the data for computing altitudes. — Condensed from Heii 
behemehrift of Aug. 19/A and Aug. 2%th. 

5. Die grosBt Feuerkugel, welche am Ahende dea 4. Mdrz^ 1868, in 
tlland, Deutsekland, Belgien und England geschen wcrden ist^ von Dr. 
HARD Heib. Nebst einer Karte. 8°, pp. 56. Halle, 1863. Abdnuck 
I der Wochenschrift, &c. — This is a very full account of a detonating 
teoric fireball which was visible throughout a region 500 miles in 
meter. Dr. Heis obtained reports from over 100 different places, and 
summary of the various accounts is well arranged. The meteor was 
t seen at an altitude of 88 English miles over the North sea, and it 
appeared with a loud explosion over the south part of Holland at an 
itude of 17 miles. The course was nearly south, was inclined 22^ to 
) horizon, and was 187 miles long. The duration of flight was estiroa- 
. at 4 or 5 seconds. The velocity was considered therefore as 41^ miles, 
lich gives a hyperbolic orbit around the sun for its former path. 
3. Die Meteorilen, ikre Oeschichte^ mineralogische und chemische Be^ 
,affenheity von Dr. Otto Buchner. 8vo. pp. 202. Leipzig, 1863. — 
is work attempts to give a brief historical sketch of all described 
teoritcjs including what is known regarding their mineralogical and 
3mical characters, and also indicates in what museums or collections the 
jcimens are preserved. It is divided into four sections. Part I treats of 
ony Meteorites^ whose time of fall is known; these number 153 and 
I arranged chronologically, commencing with the Ensissheim stone, 
ich fell Nov. 16th, 1492, and ending with that of Afeno, whose fall was 
jerved Oct. 7th, 1862. II. Stong Meteorites — time of fall unknown — 
le in number, arranged in the order of their discovery. III. Including 
>se intermediate in character between the stony and iron meteorites, or 
) stone-and-iron meteorites. These number 10, and are arranged in the 
ler of their discovery. IV. Iron ATeteoriUi, eighty-three in number^ 
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arranged in the order of their dieoovery. The date of fill of only two of 
tliese 18 with certainty known, viz: ^^ram. May 26th, 1751, and Brammn, 
July 14th, 1847. It raaj he questioned whether the iron from Charlotte 
DickAOD Co., Tenn^ fell as stated on July 3l8t (or Aug. lai), 1836, at the 
evidence is far from conclusive that the mass of iron found had any ooi- 
nection with the meteoric explosion which took place at that time. 

The four classes make in all a sum total of 255 nieteoritea. Of theN 
we notice over 60 are from the United States, among them are perhapi 
included a few that when more thoroughly investigated will prove to have 
no claim to meteoric origin. 

The book also contains a catalogue of the various EUiropean and A^le^ 
ican collections of meteorites, and the number of localitiea represented in 
each cabinet. Among the public collections containing specimens from 
more than 50 localities are the museums of Vienna (194), Londoa 
(British Museum, 190), Gottingen (125), Paris (Garden of Plants, 59). 
The largest private collections are those of R. P. Greg, Manchester, Eng:, 
numbering 191 — Reichenbach, Vienna, 176 — C. U. Shepard, Anihcfit 
College, 151 — Nevill, London, 101 — Auerbach, Moscow, 76 — NeumaoBi 
Prague, 61 — J. Lawrence Smith, Louisville, 60. 

This work is exceedingly valuable to all who are occupied in the study 
of meteorites. In most cases it gives accurate referencee to original 
authorities, and full citations of the literature of tlie subject. We hare 
noticed some minor errors in the statements made, but it is almost impos- 
sible to bring together such a mass of material without committing aa 
occasional oversight. The author deserves the thanks of all interested in 
the subject for arranging in such a compact and convenient form the fiicti 
which heretofore were only to be found by a laborious search through 
hundreds of volumes of Journals and Proceedings of learned Societies. 
Dr. Buchner proposes, as time shall demand, to publish a Supplement to 
this book, and begs that those interested will communicate to him iafor- 
mation regarding private or public meteoric cabinets, and corrections or 
omissions noticed in the present work. Ilis address is, Dr, Otto Buchner, 
Professor in the University of Giessen, Darmstadt. o. j. a. 

7. Shooting Stars of November, — The Committee of the Conn. Acad, 
of Arts and Sciences on Periodical Meteors have arranged for a watch 
on the nights and mornings near the 13th of the coming November. A* 
special watch for determining parallax will be kept (weather permitting) 
on the night of tlie 13th and morning of the 14th. The Committee, hi 
like manner as heretofore, invite observers in other places to communicate 
their observations. They may be sent either to Prof. H. A. Newton or 
to the undersigned. Alex. C. Twining, ClCu. 

New Haven, Oct. 27tb, 1863. 

VII. MISCELLANEOUS SCIENTIFIC INTKLLIQENCK. i 

1. New Achromatic Object-glass, — A new combination of curves has n- 
cently been applied by Steinheil of Munich, in the construction of the achro- 
matic object-glass. It was originally proposed by Gauss above forty yean 
ago, in a communication to the '' Zeitschrift fiir AstronomU,^ vol. iv, 1817. 
The curves are characterized by their great depth and abruptness, iiaviag 
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in some cases radii of less than one-tenth of the focal length. Each lens is 
a meniscus, whereas the practice has hitherto been to make both the sur- 
faces of the crown lens con- 
Tex, with more or less vari- 
ation in the proportion of 
eurvature, always, however, 
retaining the same general 
character of convexity. The 
lenses of the new system are 
showA in the following fig- 
ures in comparison with the 
Fraunhofer lens. 

It is perhaps not unnatu- 
ral that opticians should 
have hesitated in giving 

their confidence to so deci- Fnunbofer. Gaiui. 

ded a departure from established usage, especially as there may have been 
reason for apprehending practical difficulties in working surfaces to cor- 
respond with the new curves. Yet these difficulties have certainly now 
been overcome, at least for lenses of moderate dimensions, and it is un- 
derstood that the Messrs. Steinheil are prepared to apply the system to 
object-glasses of the largest size for which suitable material can be pro- 
cured. 

The chief advantage proposed to be gained is the more complete 
removal of the indistinctness caused by the dispersion of the rays of 
different colors, without sensibly increasing the influence of spherical 
' aberration even when the ratio of the aperture to the focal length is con- 
siderably increa.sed above its usual proportion. In the opinion of com- 
petent judges, the trials which have thus far been made of telescopes of 
the new construction have exhibited a decided superiority as respects 
clearness of definition with large angles of aperture, thus confirming in 
the most satisfactory manner the correctness of the principles upon which 
Gauss has based his theory. SteinheiFs notices of the new object glasses 
are in the Sitzungeberichte der k. hayer Akad, der Wise., Munchen, 1860, 
HefL ii, and v. 
Book Nonois.— 

1. Starer*» Dictionary of the Solubilities of Chemical Substances, 
Part II, pp. 233-456. — This part brings the subject down to near the 
close of the oxyds, ending with Protoxyd of tin. The work is done in 
the same style of conscientious fidelity and with the same evidence of 
erudition which characterized the first part. Confirming all we had occa- 
sion to say on the appearance of Part I ([2], xxxv, 303), we congratulate 
the author upon the prospect of completing his *' First Outlines'^ with 
another half year, a work which, however irksome in its performance, is 
a most substantial contribution to science and an enduring monument of 
the author^s industry and learning. 

2. Practical Treatise on Limes, Hydraulic Cements and Mortars^ 
containing reports of numerous experiments conducted in New York City, 
1858 to 1861 ; by Quinot A. Gilmobb, A.M., Brig. General U. S. Vol- 
unteers, and Major U. S. Corps of Engineers. New York : D. Van Not- 
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trand, 192 Broadway, 18G3. 8vo. pp. 333. — General Gilmore's treatise 
is number nine of a series of ^ Papers on Practical Engineering" issaed 
from the U. S. Engineer Departtnent. It is admirable for its lucid method, 
its clearness and exactness of statement, and the amount of original 
matter it embraces on a subject of the greatest practical iraportance. 
For the first time we have here presented a full account of the various 
American building materials embraced under the three heads considered 
They are considered in their geological relations, their geographical dis- 
tribution, mode of manufacture, chemical constitution before and afier 
preparation, and especially in their economical value. This last has been 
tested by carefully conducted experiments upon the tenacity, hardness and 
power of endurance of atmospheric and subaqueous changea, the results 
of which trials are presented in condensed tables. Many of the more 
important qualities of hydraulic cements are preseDted by diagrams in 
the form of curves projected in such a manner as to present to the eye 
the comparison between various samples, more prominently than a written 
description could do. The volume is prepared in the best mechanical 
style. The pressing public duties of the distinguished author before 
Charleston have prevented his careful revision of the sheets, although tkt 
typography is remarkably correct. A few slips of this sort will be easily 
corrected in a second edition. 

OBITUARY. 

Stillman Masterman. — It is with pain that we record the early de- 
cease of our contributor Stillman Masterman, of Weld, (Maine,) who died 
of pulmonary consumption in that town on the I9th July, at the age of 
32 years. 

From an interesting and touching account of his life written by him- 
self during his last moments, and with a perusal of which we have been 
favored, we learn the prominent incidents of his life. It has been sim- 
ply a new version of the old, yet always new, story. It has shown a pure 
and aspiring spirit, athir^t for knowledge, and yearning to take part in 
the enlargement of its bounds, — a mind formed for thorough investiga- 
tion, and exalted above all local discouragements and the sneers of igno- 
rance, — an enthusiasm, rising almost to devotion, for Nature in her 
grandest and most majestic manifestations, — a character full of all deli- 
cacy, modesty, and native refinement; but with all these gifts, which, if 
accompanied by a sturdier physical frame and aided by larger advan- 
tages in youth, would have surely led to high eminence in science, 
restricted by circumstances over which he had no control until it was too 
late. 

Such an earnest, truthful, follower of science, Masterman truly was. 
None who met him could fail to note the almost feminine delicacy of bis 
moral nature, and the careful observer soon remarked that the reserve of 
bis manner sprang from modesty and not from coldness. 

He was born in Weld, a village in Franklin Co., Maine, just at the 
base of Mt. Blue, — on the 28th of January, 1831. His first attendance 
at the district school was at a rather later age than usual, and he has 
vividly described the sensations which were awakened in him, when, in bis 
eleventh year, an elementary geography was first put into his hands, and 
for the first time he learned the form of the earth and the primary facts 
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»f pbysioal geography. From this time on, he seized and drained every 
lid book which he could find containing information on any branch of 
>by8ical science, and laid aside such sums of money as came into bis 
poMession until he had accumulated the means of purchasing new books 
on these subjects. These he studied with ardor. ** Frequently,*^ be writes, 
* I carried books into the field when I went out to labor, to peruse while 
resting from toil ; — some shady tree serving as my school room, and a 
few moments of study serving to give me a subject fur frequent rehearsals 
daring an hour's toil." 

At the age of twenty, he had managed to collect a number of scientific 
and classical works and had thus become familiar with the elements of 
pbysica and chemistry, — making sucli apparatus as the materials at 
band would permit, gnnding and polishing nmall lenses and constructing 
prisms for experiments on fluid media. He had also taught himself 
Latin enough to read with some ease, and had become fatniliar with 
algebra, geometry and trigonometry. At this period he went to the 
newly opened territory of Minnesota to seek his fortune in the far West; 
but after a little more than a year he returned to his native place, with 
health much impaired by the influence of that climate. 

His first publication of which I am aware was a paper entitled, " Ob- 
servations on Thunder and Lightning" printed in the Appendix to the 
Tenth (1855) Annual Report of the Regents of the Smithsonian Institu- 
tion. In this he gave an interesting series of results of observations of 
sixteen thunder-storms during the years 1850-4 at Weld, and at Stillwater 
(Minn.) For each of these storms he had noted the character and the 
intervals of phase for the difierent thunder-peals, — and to these observa- 
tions added the record of other curious allied phenomena. The summary 
shows the average length of the thunder-peal to have been 2l"*85 in the 
148 observed instances when preceded by visible lightning, and 26>'60in 
the 15G cases when not so preceded. The minimum interval which he 
bad recorded between the flash and report was 1" ; the maximum, 56". 
A very full account is given of a severe thunder-storm, 1854, June 15; 
and an authentic instance is afforded of the occurrence of thunder in a 
cloudless sky, — which he succeeded in tracing to its origin in a storm be- 
low the eastern horizon. 

Mr. Mastermsn subsequently became a frequent contributor to this 
and other scientific journals. Without instruments, he devoted himself 
earnestly and faithfully to the observation of such celestial phenomena as 
could be sufficiently note<l by the naked eye, and his observations of 
maxima and minima of variable stars as well as of the zodiacal light, 
auroras, meteors, the brilliancy of planeto, <fec., <kc., are surpassed in ac- 
curacy by none made under similar circumstances. Among his writings 
are the following — the list being, however, probably incomplete. 

Smithsonian Reporte, 1855, pp. 265-282 ; 1857, 323-332. 

Amer. Jour, of Science, [2], xxx, 155; xxxv, 149, 50; xxxvi 143-5. 

Astron. Journal, v, 31, 37, 105, 140, 191 ; vi, 38, 44, 47, 83, 85, 
96, 183, 187. 

During the last two years, until his failing health compelled him to 
desist from all labor, Mr. Masterman was engaged upon the reduction of 
observations made at the Washington Observatory during the fifteen 
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jears previous to the defection of the late Superiotendent, and siibie' 
quently found unreduced. In this, as in all hie other labors, hie effort! 
were marked by ability and success. 

He died, as he had lived, a Christian and a philosopher, resigned to ths 
will of God, and in full peace of mind. b. a. o. 

Major Edward B. Hunt. — The death of Major Hunt of the U. S. 
Topographical Engineers, by an unhappy accident while in discharge of 
his duties, has occasioned universal regret and sadness where?er this 
gifted and excellent officer was known. To science his lose is great In 
tlie very prime of life and power, he had already added many important 
oontributions to our stock of physical knowledge, and at the time of hit 
death had been engaged for many months in elaborating his novel ideas 
upon the subject of Molecular Physics, some outlines of which he had 
already presented at one of the Sessions of the Connecticut Academy of 
Arts and Sciences in the Spring^ this year. 

Major Hunt was appointed a cadet in the U. S. Military Academy at 
West Point, from New York, in 1841, and was graduated in July, 1845, 
as Second Lieutenant of Engineers. He discharged the duties of Assis- 
tant Professor of Engineering at the Military Academy from 1846 to 
1849. It was during this period that ho first became a contributor to 
the pages of this' Journal, his earliest paper ^*0n the dispersion of light," 
appearing in volume vii, p. 364, and from that time he was a frequent 
contributor on various physical subjects, his papers being always marked 
by originality and power of generalization. The volumes of Proceedings 
of the American Association also contain numerous papers from his pen. 
One of his latest productions, Union Foundations, is an attempt to show 
the physical reasons for American national unity, a very readable and 
ingenious paper, the product of a glowing patriotism. We should add 
to these his proper professional papers on Engineering topics. 

For some two years past Major Hunt had been engaged under a special 
commission in perfecting a submarine battery of his own invention, tbs 
details of which are very properly kept secret. He had just completed 
this apparatus and perfected his system, and on the 1st of October 
was engaged in making a final experiment on board a vessel some five 
miles from Brooklyn Navy Yard. The gun (a breech loader) had been 
fired in the submerged cell, when, from an unwonted escape of smoke in 
the vessel. Major Hunt who was on deck with his men, was induced to go 
below to ascertain what the difficulty was, and there was suffocated by 
the irrespirable gases ; he succeeded in partly ascending to the companion 
way, and extended a hand as a signal for relief. An attendant seised the 
hand ; but at the same instant exhaustion caused him to fall into the 
hold where he lay with his face in a pool of water. One of the men de- 
scended instantly to his relief, but succeeded only in raising his head out 
of the water, when in turn overcome by the foul gases, he was compelled 
to seek safety by escape from the apartment. Another man partially suo- 
ceeded in securing a rope to the fallen officer, but, sad to relate, in the 
effort to raise him the fastening gave way, and he fell heavily a second 
time, producing, as is supposed, concussion of the brain. He was not 
extricated until, by throwing down water, the atmosphere was so fir 
renewed as to render it possible to go into the hold, and it was soma 
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boura before surgical aid could be obtained, owing to their distance from 
ihore, when it was alas I too late. He died soon afterwards, and, as a 
soldier should, in the service of his country, not, indeed, on the battlefield, 
but with his armor on, and while engaged in perfecting a most important 
application of scientific principles to defensive war. 

His funeral was celebrated with military honors at West Point Military 
Academy on Monday, October 6th, where he sleeps in the Military 
Cemetery amid the honored remains of many companions-in-arms, who 
have fallen on various fields in their country^s service, or while engaged 
in the more peaceful duties of their profession. 

Major Hunt was about 40 years of age at the time of his death. He 
leaves a widow and one son. A fuller notice of his life and labors will 
appear in a future issue of this Journal. The Connecticut Academy sent 
Prof. Alex. 0. Twining as a delegate to represent them and the men of 
science in Connecticut at the funeral, and from the report of this delega- 
tion, submitted at the last session of the Academy, we have drawn some 
of the details of Major Hunt's tragical death. 

Prof. EiLnARD MiTSCHERLicH. — Prof. Mitscherlich has recently died 
at Berlin at the a^e of sixty-nine. He had long been known as one of 
the ablest philosophical chemists of the day, and the estimation in which 
he was held was exemplified by the numbers who attended his classes in 
the University of Berlin, and the Friedrich-WilhelmVInstitut in that city. 
The mere titles of his writings would occupy nearly two columns of this 
journal; they embrace a wide range in chemical science, and may be found 
in the publications of the Acadt^my of Sciences of Berlin, of which he 
was a member, and in German periodicals. Besides these, he was the 
author of a 'Lebrbuch der Chemie,' in two volumes, which has passed 
through two editions, and has been translated into French. Dr. Mitscher- 
lich was elected a Foreign Member of the Royal Society in 1 828 ; and 
in 1829 one of the Royal Medals was awarded to him for his * Discoveries 
relating to the Laws of Crystallization and the Properties of Crystals.' 
It is, perhaps, by his researches into the phenomena of dimorphism that 
he will be best remembered. — Athenceuniy No. 1876, p. 470. 

Psoa OF THE Am. Acad, or Arts and Sciences, (continued from vol zzzv) Vol. V, 
from May, 1860 to Blay, 1862. — 814, Notes upon a portion of Dr. Seeman's recent col- 
lection of dried Plants gathered in the Feejee Islands; A»a Gray. — 821, Characters 
of new or obscure species of Plants of Monopetalous Orders in the Collection of 
the United States South Pacific Exploring Expedition under Capt. Charles Wilkes, 
U.S.N., with occasional remarks, Ac; Asa Oray. — 858. Abstract of a Memoir upon 
the Attraction of Saturn's Ring ; Prof. Peirce. — 866, On the double salts of cyanid 
of Mercury ; Wm. P. Dexter. — 369, Remarks upon the recent determinations of the 
Atomic Weight of Antimony ; W. P. Dexter. — 870, Criticism on a recent work by 
Capt Rodman, U.S. A., on improvements in heavy ordnance ; Prof. TreadwelL-^ 
879, Upon the System of Saturn; Prof Peirce. — 888, Observations on North Amer- 
ican and other Lichens ; Edward Tiickerman, A.M. (continued from vol. iv, p. 407.) 

FaOCEBDINGS OF THE ACADEMT OP NaTUEAL SCIENCES OF PHILADELPHIA, from 

January to July, 1863. — 2, Descriptions of Fossils from the Yellow Sandstone lying 
beneath the " Burlington Limestone,'* at Burlington, Iowa; Alexander WincfteU. — 
26, Catalogue of the North American Sciwnoid Fishes; Theodore QUI. — 88, Sys- 
tematic arrangement of the Mnlluska of the Family Viviparidec and others, inhab- 
iting the United States; Theodore OtH.—^O, Additional Remarks on the North 
American ^giothi; Elliott Cones, A.Af.^ M.D. — 48, On Trachycepbalus, Scaphiopns 
aod other American Batrachia; E. D^ Cope. — 66, Enumeration of the Species of 

Am. Jour. Sci.— Second Skkiks, Vol. XXXVI, No. lOa— Nov., 1868. 
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Plants collected bj Dr. C. C. Parry, and Messrs. Eliho Hall and J. P. Harbour, during 
the Sammer and Aatamo of 1862, on and near the RocW Mountains, in Colorado 
Territory, lat 89®-41® ; Amo Gray. — 80, Catalogue of the Fishes of Ix>wer California, 
in the Smithsonian Institution, collected by Mr. J. Xantos; Theodore Gill — 88. De- 
■criptioo of some new species of Pediculati, and on the classification of the group ; 
Theodore Gill.— 92, Bnumeration of the Arctic Plants collected by Dr. 1. 1. Hayes in 
bis Exploration of Smith's Sound, between parallels 78th and 82(1, during the montbs 
of July, August and beginning of Septembier, 1861 ; E. Durand, Tkot. P. Jamee end 
Scanl. Aehmead. — 96, Additions to the Catalogue of Stars which hare changed their 
eolors; Jacob Ennie. — 100, Descriptions of new American Squamata, in the Museum 
of the Smithsonian Institution, Washington; E, D. CofM.— 106, Descriptions of oev 
species of Birds of the Families Vireooidre and Rallids ; Geo. N. Xawrefiee.^107, 
Descriptions of new Species of North American Pedipalpi ; U. C. Wood, Jr. — US, On 
a Third Kingdom of Organized Beings ; Hiomae B. Wil»on, M.D,t and John Caan%. 
—121, On the Lestris Richardsoni of Swainson; with a Critical Reyiew of the Sob* 
family Lestridinie; Elliott Coues, MJ)., U. 8. ^.—188, Synopsis of the Msriot 
Inrertebrata collected by the late Arctic Expedition under Dr. I. I. Hayes; Fn. 
Stimpeon, M.D, — 148, Contributions towanls a Monography of the order of Fholi- 
daoea, with descriptions of new Species.— No. 2 ; Gewge W. Tryon, Jr, — 146, De- 
scriptions of two new species of Fresh Water Mollusca, from Panama : Description 
of a new Exotic Melania; George W. TVyon, Jr.— 147, Descriptions of new Spedca 
of Fresh Water Mollusca, belonging to the Fsmilies Amnicolidrc, YalTattda and 
LimnnidiB, inhabiting California; Geor^ W. Tryon^ Jr. — 160, Notes on the Birds of 
Jamaica; W. T. March. — 154, Descriptions of fourteen new Species of Melanidie 
and one Paludina ; Itaae Lea. — 1 67, Descriptions of four new species of Spemxh 
pliilus, in the collections of the Smithsonian Institution ; Robert Kennicott. — 159, Ad- 
ditions to the Catalogue of Stars which hsTe changed their colors ; Jeuob Emmii," 
162, Descriptire enumeration of a collection of F&hes from the Western coast of 
Oentral America, presented to the Smithsonian Institution, by Oapt. John M. Dow; 
Theodore (^»//.— 174, Enumeration of the Fish described and figured by Parra, ad- 
entificallpr named b^ Felipe Poey ; translated and edited by J. C. Brevoort.— ISO, 
Descriptions des Poissons nouTelles on pen connnes ; Af. Felipe Poey. — 189, Descrip- 
tions of eleven new species of Exotic Unionidas; Jeaac Z«a.— 190, Description of a 
new species of Unio arnl a Monocondylcea ; Isaac j/>a.— 191, Descriptions of twentj- 
four new species of IJnionidtc of the United States; Isaac Lea. — 194, Notes on tlie 
Picidse, with descriptions of new and little known species ; John Casein. 

PaocEEDiNos OF BosTOM SociBTT OF NxTuaAL IlisTOBT, 1863. VoL ix. — FEB- 
RUARY. — 164, Notice of a species of Neosorex from Massachusetts, and of Sorex 
Thorapsoni from Maine; A. E. Verrill. — APRIL. — 177, On a map of North Amer- 
ica north of the Rio Grande, illustrative of the distribution of the Land Sheila; 
W. G. Binnef/.--\19, Review of the Polyps of the Eastern Coast of the United 
States, with descriptions of new and imperfectly known species ; A. E. Verrill.— 
182, Account of the structure of Pogonia ophioglossoides Nutt. ; 5. H. Scudder.— 
186, Account of the changes in size of the yolk in the eggs of Starfishes before 
segmentation commences; A. Agassiz. — 188, Prodromua of the History, Structure 
and Physiology of the order Lucemarieo; H. J. Clark. — 191, On the Fossil Crab of 
Gay Head ; Wm. Stimpson : On the Reptile-bird of Solenhofen ; L. Aqassiz : On the 
geographical distribution of the Sea Urchin of Massachusetts Bay {^Echinus granu- 
laris Say) ; A. Agassiz. — MAY. — 193, Cast of Megatherium set up at the Moseooi of 
Comp. Zoology, Cambridge; L. Agassiz: Monstroi^ity in Serpents; Prof. Wyman, 
— 195, Catalogue of the Reptiles and Batracbians found in the vicinity of Norwaj, 
Oxford Co., Me.; A. E. Verrill. — 199, Alpaca, Llama and VicQna introduced into 
California by Capt. S. B. Bissell; Samuel Wells, Jr. — 201, Zircon, corundum aixl 
other minerals from Oreenwood, Me. ; A. E. Verrill. — 202, Copper-bearing belt of 
Canada East; C T. Jackson. — 203, Observations on the Cranium of a yoang 
Gorilla; J. Wtpnan. — 207, Is the Heath indigenous to the United States I Charles 
J. Sprague. — JUNE. — 210, Remarks upon the structure of the head in hexapod 
Insects; 8. H. Scudder. — 211, Drawings of a Cyclopean Pig; J TKywiaH,— 212. On 
the Sphinx cinerea Harris; 8. H. Seuddtr.— 220, On the mechanism of the Tibio- 
tarsal joint of the Ostrich ; /. Wyman.—22*it On the Magnesian Limestone of the 
Lower Silurian series of Prairie du Chien, containing crinoids and fossil shells; C. 
T, Jackson. 

^Proceedings ot ^oc^ft>aft« \»\m cucccovxa^^ 
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noticed, 407. 
Absotrptioii of gases by charcoal^ Smitk, 

Academy, see Society, 
Achromatic ol]yect-ff]a8s, new, 446. 
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Alkaloias produced by putrefaction, Cal- 

«€re,410. 
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Asteroids, see AMronomy, 
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ticed, 445. 
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Double stars, Maria Miichefly 88. 
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Sarepta, 150. 
Tucson, 152, 301. 

Meteorite from Dakota, Jarkton^ 259. 

November shootinji: stars, 446. 
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8tar-shower in 1606, 801. 

Sun and stars photometrically com- 
pared, Clark^ 76. 

Sun's distance, Lowering, 161. 

Variable ^tars, Miuttertfum, 144. 

Zodiacal light, Masterman^ 148. 
Atmosphere^ mdiation through earth's, 

TytidaU^ ' 
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Aye-Aye, monograph of, Oweti^ 294. 

B 
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on explosive force ot gunpowder, 24L 
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Dimorphism in Linum, x^nom^279. 

Enumeration of species, etc., 129. 
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Notes on Loranthacea^, (Hit*er^ 291. 

Origin of Tarieties, Becaisru, 482. 

Parthenogencitls, 1992. 

Paullinia sorbllis, 129. 

Prairies, flats, and barrens, IL Engd- 
mann, 384. 

Structure and fertilbEatiou of Orchids, 
Gray, 292. 
Bratule and Taylor y Chemistry, 311. 
Braun, on molybdenum, 268. 
jBravnls, Aii^istc, obituary of. 401. 
I British Assuciatiitii, 38d meeting, :i09. 
Bromiivdric acid on acetate of ethyl, 

CVn/f*, 42. 
Bruny Fmudes et Maladies du Vln, 408. 
BniiOt, O. •/;, on chihlrenitc, 122, 257. 

notice of California Gcoloi;ical Re- 
port, 118. 
on Tucson meteoric iron, 102. 
mctAllurglcnl notices, 2?i. 
review of BuchnerV Die Meteoritcn, 

&e., 445. 
Bitchner^ OttOy Die Meteorlten, <&c., re- 
viewed, 445. 
.Building materials, preservation of, 406. 
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Caesium, Bunatn^ 41S. 

Cahonn and J^lmue^ on American Petro- 
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neyy reviewed, 118, 

Calvert, Crate, on Tolatile alkaloids pro- 
duced by putrefaction, 416. 
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Cape Breton Coal-measures, LetUy, 179. 

Caron, H., on magnesium, 114. 

Carrd^ machine for making ice, 405. 
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411 ; Ifunter, 412. 
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Cheloniik respiration oi^ JfUehUl and More- 
houte, 14L 
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Allcaioids produced by patrcfaction, 

Calvert, 416. 
Anllin dyes, Hqfmann, 413. 
Brande and Taylor's Manual, 31L 
Bromhydric acid on acetate of ethyl, 
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Cseslum, Bunaen, 413. 
Coloration of flame by phosphorus, 

Christople and BeiUtHn, 116, 267. 
Detection of nitric acid, Kertten, 268. 
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ticed, 447. 
Estimation of arsenic, WUtxlein, 269. 
Estimation of nitric acid, Se^bit, 116. 
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Glueinum and its compounds, Joy, 83. 
Gypsum as a fertilizer, JJeMrain, 419. 

note on, Jofuiwn, 421. 
Hydrastine, Mahla, 57. 
Indium, liHch and Richter, 415. 
Ma^esium, DeviUe and Caron, 114. 
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soda, clilorine, sulphuric and 
chlorhydric acids, Macfanane, 269. 
New metal, Reich and Richter, 415. 
Organic compounds of silicon, Frieda 
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Rubidium, Ihtnsen, 114. 
Test for molybdenum, Braun, 268. 
Tun^statCH, Marit/tiac, 113. 
Veratrin, Tnntp, 268. 
See furtlicr, rhotography. 
Childrenite at Hebron, Bruth, 122, 257; 

C(»oke, 258. 
Chilton, Jo.-*. R., death of, 314. 
C/u'lstople and IMUtein, on phosphorus 

spectrum, llii, 267. 
Clark, AliHin, on »un and stars photo- 
metrically coin]>ared« 76. 
Classification of nnimals, Dana, 321, 339. 
Climate in PtUefizoic time, Hunt, 396. 
Coal, see GeoUk/y. 

Xar as a preservatlvG, A"uA2tAann, 406. 



Collection of minerals, etc., for sale, li5& 

Coloration of flame by plioaplionis, IM, 
267. 

Comets, see AMromomy, 

ComtmaiUe and JiiBony on rednctioa of 
silver waste, 417. 

Concentration of mineral waters, 40L 

! Cooke, J. P., Jr., on childrenite from He- 
bron, 2S8L 
on spectroscope, 206l 
photographic abstracts, 416l 

Crafts, J. Jr., on bromhydric add with 
scetate of ethyl, 4^ 
on oiganic compounds of silicon, 115. 

Ctenodipterinen des Deronischen System, 
Ihnder, noticed, 127. 

Qydopediia, American Awnwi^ su. 



Damour, on Jadeite, 42HL 

Dana, J. D., on Cepbalization, and on Xs- 

gasthenes and Micrusthcnee in dassii- 

eation. 1, 159. 
on time-boundaries in ecological Us* 

tory, 227. * ^ 

on homologies of Insecteans and 

Crustaceans, 6, 233. 
on parallel relations of classes of Y«r 

tebrates, 315. 
on Reptilian Birds, 31& 
on geological history of Veitebntei, 

320. 
on Cepbalization as a principle of dst- 

siflcation, 321, 44a 
Darlington, Wm., obituary of^ 1S2L 
Parwiu, on dlmorphiani in TJnnm^ n- 

viewed, 279. 
• Davidson, on Nora Scotia CarboniferOiu 

Brachiopods, noticed, 277. 
DawaoH, J. W^ on air-breathers of the 

Coal period, reviewetl, 430. 
ou Devonian Flora of N. America, 41, 

279. 
Deane, «/«, Ichnographs from Conn. River 

sandstone, reviewed, 126. 
Decaisne, on varieties in plants, 432. 
DeCaudolle's Memoirs, reprint of review 

of, noticed, 434. 
DegRulalionol types, Dana, 332. 
Ik; la Rive, on sp. heat of thallium, 113^ 
De Laaki, /., on glacial action in Maine, 

274. 
Dendrcrpeton, 43L 

Density of vapors, DevQle and TVoosf, 40& 
Despretz, C. M., obituary of^ 398. 
Deville, H. St. Claire, and H. Caron, on 

magnesium, 114. 
DevUU and Trooat, on vapor-densities, 4D6l 
Dictionary of Solubilities, Starer, 447. 

Ure's, Supplement to, noticed, 31L 
Dimorphism in flowers of Linum, Dearwin, 

reviewed, 279. 
Double stars, Maria Mitchell, 3a 
Duruy, Histoire des temps modemea.BO- 

Uced, 407. 

£ 

Elastic forces, work of, I^atne, 409. 
I Electric illumination at Boston, 307. 
I spectra of metals, JitUer^ 107. 
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l^etrie fpectram, arofeet, lOBw 
Seetroflcope, Oemsbait, KdbdL, 111. 
Wttion of ML ShaBta, WhUney, 12a 
'AuAnann, JET., on Ye^tation of prairies, 

uta, and barrens, S& 
*p«aru8. 431. 
-*«weff, ^ />., on reducing temperatnre 

otMervations, in reply to Loomis, 178. 
^cretion of nitrogen f^om animals, 271. 
Explosive force of powder, Barnard^ 241. 



lyrtfllsaiioii of Orchids, ^roy, 20a 

<« ertHizing action of gypsnm, Dehirain^ 
419; JohnnofL,^!. 

-ff^gtUer, L*Annee Scientifiqae et Industri- 
elle, noticed, 407. 

JfTmmni, LcVerrier da XIXe siecle, no- 
ticed, 40a 

^ora Australiensis, etc., Bentham and 
JHuOer, noticed, 290. 
Brasilicnsis, MarHuA, noticed, 190. 
Devonian, of N. America, J^iuww, 41, 
299. 

Footmarks, fossil, HUcheock^ 46. 

Fossil man of Abbeville, 128, 402. 

Fraudes et Maladies da Yin, noticed, 408. 

iVuLKr, on osmlam spectrum. 207. 

Friedd, on or&nanic compounds of silicon, 
115. 

G 

Gemsbnrt electroscope. KobeU^ 111. 
Genth^ F. id., astronomical abstracts, 149. 
Geological maps, 429. 
Qeoloot and Paleontologt :— 

Air-breathers of the coal period, Dotv- 
son^ 430. 

Anniversary address before the London 
Oeolo^cal Society, noticed, 278. 

Anthracosaurus Rasselli, 277. 

Antiquity of Man, Lydi^ reviewed. 125. 

Archseopteryx macrurus, Oweti^ Vat, 

California annual report, HT^i^ney, re- 
viewed, 118. 

Cambrian and Huronian, Big^^ no- 
ticed, 277. 

Canada report of profo'css, Logariy no- 
ticed, 4^. 

Carboniferous and Devonian Crustar 
ceans, SalUr^ noticed, 277. 

Centronella and other Brachiopods, Bit- 
linffHj 230, 

Climate in the Paleozoic, JETun/, 396. 

Coal-measures of Cape Breton, Ledey^ 
179. 

Cryptonella, Ac, //a/?, 11. 

Devonian fishes, J\mdei\ noticed, 127. I 
flora of N. America, Dawson^ 41, 279.! 

Distribution of Vertebrates, J)ana^ 320. j 

Footmarks of Conn. Kiver sandstone, 
Hitchcock, 46. 

FoshII Estheriffi, Jones, noticed, 277. 

Fossils of Quebec group, 375. 

Glacial action in Maine, IkLaski, 274. 

Human^remains at Abbeville, 123, 402. 

Ichnographs from Coun. River sand- 
stone, DeanCy reviewed, 126. 

Lower Carboniferous rocks of Nova 
Scotia, Davidson, noticed, 277. 

Maine, annual report, Hitchcock^ 274. 



IGeologt and Paleohtoloot :— 
M<^aiberium, Ag€utisL 300. 
Metam Orphic rocks, Ifunt, 214. 
New Carboniferous Labyrinthodont, 

Htixlcy. 277. 
Nio^ra fossils, JJaU, noticed, 127. 
Production of crystalline limestone by 

heat, Jiose, 27S. 
Quebec group at Point Levis, Logan, 366. 
Time-boundaries in geological history, 
Dana, 227, 
QibbM. W.y chemical abstracts, 113, 413. 
pliysieal abstracts, 408. 
rrofessor in Harvard College, 309. 
OUmore, Q. A., on limes, cements and 

mortars, noticed, 447. 
Glacial action in Maine, DcLaski, 274. 
Glucinum and its compounds, Joy, S3, 
Ootdd, R A., obituary of Stillman Master- 
man, 448. 
Gray, A., botanical abstracts, 128, 279, 432. 
on reprint of article, 434. 
on structure and fertilization of Or- 
chids, 292. 
Chniner and Lan, Etat present de la M^ 

tallurgie du Fer en Angleterre, 273. 
Guano rock from Sombrero, 423. 
Gunpowder, force of, Barnard, 241. 
Oiinaberg, on dextrine with albumen, 268. 



ITaidinger, on meteoric iron, 1.50. 
Hall, J., on Cryptonella, &c.. 11. 

new Niagara fossils, noticed, 127. 
j5ar^ann. Die Fortschritte des metallur- 

gischen Huttengewerbes, Ac, 273. 
HaugMon, S., on reflexion of polarized 

light, 109. 
Heat as a mode of motion, Tyndali. no- 
Uced, 310. 
measure of sun*s, Mover, 264. 
sources of, Mayer, 262. 
Height, see Elevation. 
Heis, E., Die grosse Feuerkugel, &c., no- 
ticed, 445. 
on August meteors, 444. 
Herschd, Alex. S,, on August meteors, 444. 
HUdreth, 8. P., obituary- of, 312. 
Histoire des temps modcmes, Huruy, no- 
ticed, 407. 
HUchcoek, C. H, Report on geology of 

Maine, noticed, 274. 
Hitchoock, £., on fossil footmarks, 46. 
Hofmann, on anilln dyes, 413. 
Holyoke water-fall, Loomis, 854. 
Homologies of Insecteans and Crusta- 
ceans, Dana, 6, 233. 
Hooker, J., on Welwitschia, reviewed, 434. 
Hubbard, J. 8., obituary of, 313. 
Human remains at Abbeville, 123, 402. 
Humphreys and Abbot's Report on Miss. 
River, Barnard, 16. 

hydraulics of, Barnard, 197. 
Hunt, Mryor E. B., obituary' of, 450. 
Hunt, T. S., chemical abstracts, 269. 
on climate in the Paleozoic, 396. 
on jade, 426. 

on metamorphic rocks, 214. 
Huxley, T. H, on new Carboniferous Laby- 
rinthodont, noticed, 277. 
on origin of species, 312. 
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Hydrastine, Mahla^ 57. 

Hydraulics of Humphreys and AbboVs 

Report, Bamanlt 197. 
Hylerpeton, 481. 
Hylonomus, 480. 



Ice, manu&cturc ot Carr4. 405. 

Ichnograpbs ftom Conn. RlTer sandstone, 
I/eanCf reviewed, 120. 

Indium, Beich and JHehUr, 415. 

Inhalation of nitroglycerine, Merrick^ 312. 

Inscctcans, Dana^ 8, 159. 

Insects, system for mounting, for micro- 
scope, Vickers^ 157. 

Intelligence des B^tes, noticed, 407. 



Jaekwu C. 71, on Dakota meteorite, 359. 

Jade, Hunt, 436. 

Jadeite, Daniour, 438. 

JbAruon, 8. W^ chemical abstracts, 116, 

368, 371, 413, 419. 
JoMK T. Ji.j on fossU Estheriffi, 377. 
JotL (7. A^ on gludnura and its compounds, 

Jyiien^ A. A^ on Sombrero guano, 434. 



Kerly Bruno, Handbucb der metallurgis- 

Chen Hiittenl&unde, noticed, 372. 
Kerden, on detection of nitric acid. 368. 
JTifvAA^, on the spectrum, noticed, 366. 
KoMl, on Qemsbart electroscoiie, 111. 
Kuhbnann, on tar as preservatiye, 406. 



Lami, on work of elastic forces, 409. 
L'Ann^e G^ographique, noticed, 407. 
Litt^rairo ct Dramatiquc. noticed, 40& 
Scientlliquc et Indnstrlclle, 407. 
Lawrence water-fall, LoomU, 860. 
Lea, /., observations on the genus Unio, 

etc., reviewed, 139. 
Lccons iaites a la Society Chhniquc de 

Paris, noticed, 407. 
Ledfif, J. P., on Coal-measures of Cape 

Breton, 179. 
Les marines dc France et d^Anglcterre, 

noticed, 407. 
LeVerrier du XIXe slecle, noticed, 408. 
LewUskg and Simpnoti, on sulphocyanld of 

ammonia In photography, 417. 
Libert, on redevelopers, 418. 
Light, see Phync*, 
Limes, cements and mortars, Oilmore^ 447. 
LInum, dimorphism in, Jkirunn, 379. 
Linmy, on redevelopers, 418. 
Liquids, atomic constitution of, Wtmur, 

409. 
Loaan^ W. £., on Quebec group at Point 

L^vis, 366. 
Report of Canada Geological Survey, 

noticed. 438. 
London Exhibition, 1863 ; Juror^s Report 

of Class I, Stnyth, noticed, 373. • 

Loomia, E., on vibrating water-falls, 853. 
Louisiana, salt mine in, 308. 
Lowering, /., on velocity of llj;Ut and sun's 
dlatance, 161. 



Zy^, C, geological evidences of the tt* 
tlquity of man, reviewed, 125. 



Ma^aTUuvt, on manufacture of Na, CI, &c.i 

Magnesium, JhviXU and Cbron, 114. 

Makla, F., on hydraatine, 57. 

Maine Geological Report^ BU^ieock, 274. 

glacial action in, DeLatki, 374. 
Man, fossil, at Abbeville, 133, 403. 

antiquity of, 135, 403. 
Mawrou. N. 8^ collections oi^ for sale, 156^ 
Marcel ae Series, death oU 401. 
Marifftiac, on tungstates, 113. 
JforxA, JB. F., on luminosity of metsors, 

93. 
MariUu, Flora Brasilienaia. noticed, 190. 
Maakdyne, N, 8^ on aerolltics und Bntnuft 

meteorites. 64. 
Mattemuin, &, on variable stars, 144. 
on zodiacal light, 143. 
death of, 314, 44a 
Mayer, J, R,, on celestial dynamics, 361 
Megasthenes and 3iicrosthenes, Akmu & 

338. 
Memoirs, see Societies, 
Merrick, J, M^ Jr., on inhalation of nltro* 

glycerine, 313. 
Metal, new, Heieh and JHchter, 415. 
Metallurgical works noticed, 372. 
Metamorphic roclu, chemical and mine* 

raloglcal relations of. Bunt, 2lL 
Meteors, &c,, see Astronatny, 
Microscope, mounting insects for, Viektn, 

157. 
MiUer, W. A., on photographic transpft^ 

ency, and effect of electric spectra, 108. 
MilUm and CommaiUe, on reduction of sU- 

ver waste, 417. 
Mimetic analogy in Lepidoptera, Bales, 

reviewed, 385. 
Mineral watera, concentration of^ 40L 

MiNBRAJLOOT : — 

ChUdrenlte, 133, 357, 358. 

Jade, 456. 

Judeite. 438. 

Mcteontes of Butsura, 67. 

Sombreritc, 433. 
Minute Vertebrate jaw, Stimpeon, 399. 
Mississippi river, Humphreys and Abbot's 

Report, Barnard, 16, 197. 
Mitchell, Maria, on double stars, 38. 
MUchiU, 8. W., and O. R. Morehouee, on 

respiration of Chclonin, reviewed, 141. 
Mitsehcrlich, deatli of, 451. 



UrMfit, J, C, on estimation of NOj, 116. 

Newstead meteoric iron, 149. 

Neiifton, n. A,, review of Quctelct on 
shooting stars, 145. 

NickU$, J., correspondence of, 398. 

Nitric acid, estimation of, iVVs6i/, 116. 

Nitroglycerine, inhalation ot, J. M. Mer- 
rick, Jr., 313. 
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Obituary : — 
Auguste Bravais, 401. 
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OnruABT : — 

Wm. Darlington, 1S3. 

C. M. Despretz, 808. 

8. P. Hildrcth, 813. 

J. 8. Hnbbard, 818. 

E. B. Hunt, 450. 

Harcel de Serres, 401. 

StiUman Masterman, 814, 448. 

Eilhard Mitocherlich, 451. 

H. B. A. Moqnin-tandoD, 401. 

Leon P^n de St.Gillea, 402. 

C. W. Short, 180. 
Oliver^ note on the Loranthace«, 391 
Origin of species, JfiaOey, 812, BaU», 289, 

IL OtBm,296, J, Wyman, 297. 
Ovetn^ Aj on Archapoptcryx macmrus, 127. 
monograph of the Aye- Aye, 294. 



Jbnder, C.H^ on Devonian fishes, 127. 
Ptarthenogcnesis in plants, J.nder«onj292. 
Panllinia sorbilis and its products, 129. 
Petroleum, American, constitution of, 

Sehmiemmer, 115; BiUmxiB and Odhoumt 

413. 
Fhipmm T. A, on Sombrerite, 428. 
Photographic transparency, J/222er, 103. 
Photoorapht : — 

Miscellaneous facts, 419. 

Redevelopers, 417. 

Reduction of silver waste, 417. 

Selenocyanids, 416. 

Sulphocyanid of ammonia, 417. 
Photometer, description of, Bood^ 60. 
Physics : — 

Atomic constitution of liquids, Tflentfr, 
409. 

Celestial dynamics, Mttyer, 261. 

Conductibllity and specific heat of thal- 
lium, Jk la Rive, 118. 

Density of vapors at high temperatures, 
JDetrUU and Troo^, 408. 

Description of photometer, Hood, 60. 

Electric spectrum, Stoke$, 108. 

spectra of metals, MUler^ 107. 

Gemsbart electroscope, Kobdly 111. 

Heat as a mode of motion, 2\/fuUUly 310. 

Klrchhoff's memoir on the spectrum, 
noticed, 266. 

New achromatic object glass, 446. 

Osmium spectrum, Frazer, 267. 

Phosphorus spectrum, Christople and 
BeiUtein, 267. 

Radiation through earth's atmosphere, 
Tyndall, 99. 

Rejection of polarized light, Uonghton, 
109. 

Spectroscope, CJooke^ 266. 

Stellar spectra, RiUherfurd, 154. 

Velocity of light. Lovet'ing, 161. 

Work of elastic forces, Lam^^ 409. 
Prairies, Flats and Barrens, Engelmann^ 

384. 
Preservation of l)uilding materials, 406. 
Priority, note on rule of, 309. 
Proceedings, see Societies, 
Pupa vetusta, 431. 

Putrefaction, alkaloids produced by, Cal- 
vert, ^Q, 



Qnebec group at Point L^vls, Logan, 866. 

fossUs of, 875. 
Quetelet, on shooting stars, reviewed, 145. 

on August meteors, 444. 

B 

Radiation through earth's atmosphere. 
TyndaU, 99, 

Ramtay, A. C, Anniversary Address, no- 
ticed, 278. 

Rawnondy Lei marines de France et 
d^Anffleterre, noticed, 407. 

Redevelopers, RUtwrhard, Simpton, Hn»ay. 
Lifert, and Waldak, 417. 

Reicn and RicfUer, on a new metal, 415. 

Rendu, L'lutelligence des Ix&tes, noticed. 

Reptiles of the Coal period, Dawton, 480. 

Retold*, E. J., on selenocyanids in pho»> 
togrophy, 416. 

Riehter and Reich, on a new metal, 415. 

Rock oil, constitution of, 115, 418. 

Roepper.W, T,, physical abstracts. 111. 

Roger$, W, P., on electric illumination, 807. 

Rood, 0. y., description of photometer, 60. 

RoK, on production of crystalline lime- 
stone by heat, noticed, 2m 

Rubidium, Bunten, 114. 

Rutherfurd, L, M., on stellar spectra, 154. 

s 

Salt mine In Louisiana, 308. 
Salter, J. W., on fossil Crustacea, noticed. 
277. ' 

Sarepta meteoric iron, 150. 
Selenocyanids in photography, Reynoldt, 

416. 
Shasta, Mt, height of, WhUney, 128. 
Shooting stars, see Asirononuf, 
IShort, C. W., obituary of, 1»). 
Silicon, organic compounds of, i^W^l^^and 

CrafU, 115. 
SUliman, R, Jr.^ notice of Vermillion salt 
mine in Louisiana, 808. 
book notices, 810, 811, 447. 
obituary notices, 812, 318, 450. 
Silver wa.ste, reduction of, Mllon and 

CofnmaiUe, 417. 
SunpsoHy on redevelopers, 418. 

and Lewitsky, on sulphocyanid of am- 
monia. 417. 
Smith, R A.y on absorption of gases by 

charcoal, 411. 
Smithsonian Contributions to Knowl- 
edge, noticed, 141. 
Smythj W. W., Jurors Report on Class I 
at London Exhibition, 1862, noticed. 
273. 
Societies : — 
American Academy Memoirs, noticed. 
314. 

Offlccrs of, 159. 
Proceedings of, 814, 451. 
Boston Soc. of Nat. Hist., Proceeding 

of, 453. 
Illinois Nat. History, Transactions oL 
noticed, 318. 
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SOODSTIBS :-^ 

London Gcolo^cal, Anniversary Ad 
dresSf'noticc^ 278. 

Philadelphia Acad. Nat Sci., Proceed 
ing^ or, 451. 

Royal Institution of Great Britain, Pro- 
ccedinjirSf noticed, 99. 

Royal, Proceedinjifs of, noticed, 103. 
Boinbreritc, Phipmm, 428. 
Sombrero f^no, JuHen, 424. 
Spectroscope, Spectrum, Ac, see Physics. 
Stars and Star-showers, see Agronomy. 
Stellar spectra, L. M. Butherfurd^ 154. 
SHmpmn^ TF., on a supposed minute Ver- 
tebrate lower jaw, 299. 
SMcM^ O. O.^ on long spectrum of electric 

lightJOa 
Siorer. Dictionary of Solubilities, noticed, 

447. 
Sulphocyanid of ammonia in photo- 

f^raphy, Simpaon and LewUshfy 4l7. 
Sun, see Aatrwuunif. 
Sun and stars photometrically compared, 

Clark, 76. 
8un*s heat, measure of^ Jfayer, 264. 



Tar as a prcscnrative, KitMtnann, 406. 

Temperature, sec Phygict, 

reduction of observations of, Everett, 
173 

Thallium, De la Rive, 118. 

Time-boundarios in geological history, 
Dana, 027. 

Transactions, see Societiet. 

Trapp^ on veratrin, 268. 

Troott and Devillr^ on vapor-densities, 408. ■ 

Thinner, Bcr^- und Hiittenmannisches 
Jahrbnch, noticed, 2715. 

Tucson meteoric iron. Brushy 152. 

Twining, A, C, notice of observations for 
November meteors, 446. 

TyndaU, J., on heat as a mode of motion, 
noticed, 310. 

on radiation through carth*s atmos- 
phere, 99. 

u 

Ueber die Saurodlptcrinen, etc, Ihnder, 

noticed, 127. 
Urc's Dictionary, Supplement to, noticed, 

311. 



Vapor-densities, DetnOe and Troost, 408. 
Variable stars, Masterman, 144. 
Varieties in plants, origin of, Decaime, 482. 
Variation and mimetic analogy in Lepi- 

doptero, Bates, reviewed, 285. 
Verdet, Lecons faites k la Soci^t^ Chim- 

ique du Paris, noticed, 407. 



Vertebrate lower jaw, minute, Stinqutm, 

299. 
Vertebrates, relations of classes of, Dana, 

815. 
ViekerB, H. T., on mounting insects for 

microscope, 157. 
Vigneaux, Souvenirs d'un prisonnier dc 

guerre an Mezique, noticed, 407. 
Viiginia creeper, aerial rootlets of. Gray, 

Vivien de St.Martin, UAnn6e G^graph- 
ique, noticed, 407. 

Voit, on excretion of nitrogen from ani- 
mals, 272. 

w 

Water-falls, vibrating, LoomU, 353. 
Welwitschia, Hooker, reviewed, 434. 
Whitney, J. D., on height of Mu Shasta, 
123. 
report on California Survey, reviewed, 

llo. 

Wiener, on atomic constitution of liquids, 
409. 

Wittitein, on estimation of arsenic 269. 

Wyman, J., review of Mltchill and More- 
house on respiration of Chelonia, 141. 
review of monograph of Ave-Ave, 294. 



Xylqbius, 431, 

z 

Zodiacal light, Jfatterman, 143. 
Zoology : — 
Air-brcathcrs of the Coal period, J>a»- 

9on, reviewed, 480. 
CcphaliziUion, Datto, 1. 
Clas^itlcntion of animals .is bnspj on 

cephrtllzation, D(ina, ,321, ,31^, 440. 
Homologies of luscctcins and Cru:iU- 

ccans, Dofia, (i, 159, 2:^3. 
MegjLsthenes and Microsthenes, I>aruu 8, 

Mimetic analog}' in Lepidoptem, Bata, 

reviewed, 285. 
MoUusks and Articulates, contrasted as 

to life-batteries, Dtina, 10. 
Monograph of the Aye-Ave, Owen, re- 
viewed, 294. 
Observations on genus Unio, etc.. Lea, 

noticed, 139. 
Relations of classes of Vcrlcbratea, 

Dana, 315. 
Reptilian birds, Dana, 318. 
Respiration of Chelouia, Jlitchill and 

Morehouse, reviewed, 141. 
Vertebrate lower jaw, on suppo5e4 

Stimpson, 299. tt^ ^ 

Vertebrates, parallel relations of the 

classes of, Dana, 315. 
Sec ftirther. Geology, 
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